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SOME “MIDDLE-OF-THE-ROAD” QUESTIONS 
ABOUT CONSUMER SCIENCE COURSES 


KENNETH H. GARREN 
State Teachers College, Jacksonville, Alabama 


Many educators—both scientists and non-scientists—have 
hailed ‘‘consumer science”’ as the panacea for all science teaching 
ailments. For example, recently’ the principal of an Alabama 
high school stated that consumer science “‘has put our teaching 
of science on a more progressive basis than any change in the 
last twenty years” and that ‘‘a formal course in physics and 
chemistry will never return to this school curriculum.”’ 

On the other hand those who oppose any more-or-less prac- 
tical approach to the development of scientific knowledge have 
also been outspoken; but they have been much less vociferous 
and therefore less effective than those who praise this “‘new’’ ap- 
proach. 

Most of us feel that the usual methods of teaching science 
have been none too fruitful. At the same time, however, we are 
not certain that consumer science courses are the open-doors to 
improvement. Since we accept neither viewpoint whole-heart- 
edly we like to think of ourselves as the stabilizing ‘“‘middle-of- 
the-road”’ group. 

Now that the consumer science course is about to come of age 
we of the unswayed majority would like to ask a few questions. 
Perhaps in the answers we may find means of escaping from our 
dilemma. 

A few of the more important of these questions are: 


1 Blair, J. C., “Do Alabama High Schools Have a Place for Consumer Science?” Alabama School 
Journal, December, 1940, p. 20. 
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(A) Do consumer science courses, when given alone, afford ade- 
quate instruction in science? Do they develop an understanding of 
the fundamental principles of science? In schools where consumer 
science is taught the so-called ‘‘formal’’ science courses are usu- 
ally abolished. As a result many high school students have only 
one or two years of science, and that from the practical or con- 
sumer viewpoint. Admittedly, the real purpose of high schools is 
preparation for life rather than simply preparation for college. 
The high schools, then, should turn out educated people. And 
educated people have at least a speaking acquaintance with the 
basic scientific laws and principles. Is there not the danger, when 
chemistry, physics, and even biology are integrated and de- 
veloped from a practical viewpoint, that there will be so much 
application of principles that the principles themselves will be 
obscured or overlooked? Is it not possible that so much time will 
be spent in studying applications and ramifications of a few sci- 
entific laws that no time will be left for the many other funda- 
mental laws? Is a person educated who understands the work- 
ings of an internal combustion engine, a radio, an electric motor 
and yet knows little about the atomic theory, the laws of ther- 
modynamics, oxidation and reduction, or conservation of mat- 
ter? 

True, students need to understand the complex mechanisms 
which make up everyday life; but in a limited time can they by 
studying a few mechanisms develop a proportionate under- 
standing of the vast field of knowledge that is science? 

(B) Do consumer science students—in comparison with students 
in formal science courses—really acquire a better understanding of 
the science which acts in their immediate everyday life? Momentar- 
ily disregarding the question of future values let us say, for ex- 
ample, that a consumer science student studies, among other 
things, the automobile, the radio, and foods. Another student 
is taking an “old-fashioned” course in physics. The student of 
physics will soon know how an automobile or radio works. He 
does not learn about foods in his physics course, but he studies 
physical phenomena foreign to the consumer science course. Is 
it not possible that these additional physical facts will be just as 
useful in understanding life as the knowledge of foods will be? 
Both students are suffering because there is not time to study 
enough science in high school; but can we prove that the con- 
sumer science student is suffering less than the student in the 
formal course? 
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Everyone will agree that the intricate life of present day civili- 
zation is based upon the multiple applications of many scientific 
phenomena. In consumer science courses phenomena are studied 
from the point of view of their applications. Formal courses con- 
sider the phenomena and let the applications take care of them- 
selves. Is the study of many phenomena and few applications 
less valuable than the detailed study of the application of a few 
phenomena? Which is really better, the patchwork of the con- 
sumer science course or the solid color of the formal course? 

(C) Are not consumer science courses based too much upon the 
solution of present day problems? Can knowledge gained by solving 
today’s problems be applied with equal success to the solution of 
problems which will arise in the future? Let us suppose that con- 
sumer science students do develop a superior understanding of 
the science of their immediate everyday lives. There still re- 
mains the matter of the future problems of living. According to 
the Committee on the Function of Science in General Educa- 
tion, instruction in consumer science should enable the student 
to ‘‘be an intelligent consumer both now and as an adult.’ Since 
research scientists are constantly improving and changing ma- 
chines, medicines, and even foods, many of the applications of 
science which consumer science students have mastered may 
soon be obsolete. Is there not the danger that these students 
have learned the present day applications by rote memory and 
that their knowledge is not capable of changing with the times? 
Is it not possible that such students have learned the solution of 
present day problems but have not mastered the problem-solv- 
ing method? 

Suppose a person’s only contact with science has been a high- 
school course in consumer science completed, say, in 1936. Just 
because this person understood the radio of five years ago, may 
we necessarily assume that he can now understand frequency 
modulation and television? Is it not possible that the basic train- 
ing received in a traditional physics course will be more valuable 
in coping with these new developments in radio than training 
received in a consumer science course? And a student who re- 
ceived a thorough training in osmotic and cellular phenomena in 
a formal course in biology may be more capable of understand- 
ing fatigue as interpreted by Dr. Dill* than the student who five 








? Committee on the Function of Science in Genera] Education, Commission on Secondary School 
Curriculum, Progressive Education Association, Science in General Education, D. Appleton-Century 
Co., N. Y., 1938, p. 239 

? Ratcliff, J. D.. “What Makes You Tired.” Colliers Magazine, December 21, 1940, pp. 24, 53. 
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years ago learned about fatigue and lactic acid in a consumer sci- 
ence course. 

Which student is more capable of understanding sterilization 
by ultra-violet light, irradiation of food, irradiation of blood and 
its uses, polarized light and its uses—the one who had consumer 
science in 1936 and learned the then existing uses of light or the 
one who made a complete study of light in a formal course in 
physics? Can the former consumer science student understand 
newer medicines such as sulfanilamide and its related compounds 
as well or better then the student who had an academic course in 
chemistry? 

It would seem that the value of the consumer science course 
might be determined largely on this one point—the carry-over 
value. The consumer science student, of course, learns science 
gathered from many fields; but if the future value of this knowl- 
edge is slight he is benefited less than the student who has con- 
centrated in one formal course and because of this concentration 
has obtained some permanent knowledge. 

According to recent news releases‘ a survey of achievement in 
college biology has shown that the work of ‘‘progressive-edu- 
cated” students has not been superior to the work of tradition- 
ally prepared students. This indicates that biological knowledge 
gained under the ‘‘new approach” is not more applicable in col- 
lege than is such knowledge gained under the old approach. As 
far as life in general is concerned do we, as yet, have any basis 
for assuming that the introduction of the consumer science course 
has brought about an increased future usefulness of the scien- 
tific knowledge which high school graduates possess? 

(D) Is the average high-school science teacher capable of directing 
a successful consumer science course? The ideal consumer science 
course should integrate all branches of science. This would re- 
quire that the directing teacher have a basic knowledge in all 
fields of science. How many high school teachers have had courses 
in bacteriology, organic chemistry, food chemistry, parisitology, 
thermodynamics, optics, electricity? All of these are vital to a 
teacher of consumer science. Most high school science teachers 
are specialists in education and in one field of science. The con- 
sumer science course needs a teacher who is a specialist in sci- 
ence rather than in a science. Is there not the danger, therefore, 
that because of inadequate training the average teacher will al- 


4 Anonymous, “‘A Victory for Progressives,” Newsweek Magazine, November 11, 1940, pp. 70-71 
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low the consumer science course to degenerate into a formal text 
book quizzing? Are such teachers capable of directing each stu- 
dent along the lines of his individual needs and interests? Are the 
facilities necessary for a consumer science course available in the 
average high school? 

(E) Is it not possible that the consumer science course, unless 
carefully administered, will make vocational or trade schools of our 
high schools? Specialization in practical applications and the 
following of individual interests and needs, if not checked and 
balanced, may be carried too far. Apparently the objective of 
consumer science courses is to improve general education. Is it 
not possible that such courses may turn out fair automobile 
mechanics, fair radio repairmen, fair home electricians, but may 
not turn students worthy of being called “generally educated?” 

If the advocates of consumer science will give us, the “‘middle- 
of-the-road”’ group, a satisfactory answer to these questions we 
may also become advocates. We know that the theory of the 
consumer science course is ideal, but we are asking about the 
practice. Long ago we became dissatisfied with the practice of 
the formal course. Now we are wondering whether the solution 
will be found in revitalized formal courses in chemistry, physics, 
and biology or whether the solution will be found in one, two, or 
three years of consumer science. We do not want to argue: we 
want to be convinced. 





SUMMER CONFERENCE OF THE NEW ENGLAND 
ASSOCIATION OF CHEMISTRY TEACHERS 


Preliminary Announcement 


Following two very successful Summer Conferences, the New England 
Association of Chemistry Teachers is making plans for the Third Annual 
Conference to be held this summer on the campus of the University of Con- 
necticut, Storrs, Connecticut, on August 12, 13, 14, and 15, 1941. The 
morning and afternoon sessions will be devoted to invited papers on topics 
of current interest pertaining to the teaching of chemistry in secondary 
schools and colleges and to recent advances in the science itself. Speakers 
of national repute have been invited to participate. Meals and lodging will 
be provided at a very low rate by the University, and accommodations 
for families will be available. A social program and industrial trips are 
being planned. 

There will be a registration fee of $2.00 for members of the Association 
who register before August 1, and $3.00 for those who register later than 
this date. For non-member chemistry teachers from New England or else- 
where, the registration fee is $5.00, part of which may be used as dues in 
the Association if membership is desired. Payment of the registration fee is 
not required of non-teaching guests and the families of teachers attending 
the Conference. 








SHOULD WE INVERT THE 
FRACTIONAL DIVISOR? 


WALTER A. THURBER 
Cortland Normal School, Cortland, New York 


In SCHOOL SCIENCE AND MATHEMATICS for March, 1936 there 
is an article titled, ““Why Invert the Fractional Divisor?”’ 
which gives some of the principles upon which inversion of frac- 
tions is based. Although teachers using inversion should under- 
stand these principles, there is reasonable doubt whether inver- 
sion should be taught at all, particularly during early years of 
mathematics. 

The best that can be said for inversion is that it is a short- 
cut; it has no meaning in itself, it is a purely mechanical opera- 
tion. Therefore, inversion cannot be used intelligently unless the 
user understands thoroughly the processes which have been re- 
placed by the short-cut, and the mathematical principles which 
allow the short-cut to be used. 

The great danger in teaching mathematical short-cuts is that 
pupils will fail to master all those principles and processes which 
are fundamental to understanding. So often, teachers feel them- 
selves under pressure and fail to insist upon mastery. Or, at- 
tempting to develop understanding, desist too soon. 

When inversion is taught as a purely mechanical process 
there are unfortunate results. Pupils forget to invert when in- 
version is necessary or they try to apply inversion to situations 
where inversion is not possible. Yet it is not easy to give be- 
ginning mathematics students a sound understanding of the 
principles behind the practice. 

Fortunately, there is a simpler method for division by frac- 
tions, a method based upon sound mathematical principles suit- 
able for the junior high school, a method applicable not only to 
common fractions, but to decimals and to mixed numbers as 
well. In junior and senior high school classes pupils develop a 
surprising independence of thinking in this phase of mathe- 
matics, and the number of so-called “fool mistakes” drop 
sharply. Even when pupils have been previously trained to use 
inversion, they abandon it willingly for this more understand- 
able process. 

The method referred to is based upon the axiom stating that 
divisor and dividend may be multiplied by the same number 
without changing the quotient. It is necessary to develop this 


412 














THE FRACTIONAL DIVISOR 413 


concept long before the fractional divisor is introduced. The 
pupils should realize the validity of the following equations: 


8+2=( 8X2)+(2X2)=4 
10+3=(10X4) +(3X4) =33 


When introducing division by fractional divisors, it is ex- 
plained that, though such division is awkward, by a simple de- 
vice the divisor may be converted to an integer, after which 
division is easy. For instance, if the divisor is 4, it may be mul- 
tiplied by 2, or 4, or any other convenient number, providing 
the dividend is also multiplied by the same number. Note the 
following problem solved by the use of two different conversion 
factors. 


(a) 6+}=? (b) 6+}=? 
(6X2)+(3X2) =? (6X6) +(3X6) =? 
12+1=12 36+3=12 


It seems highly desirable to emphasize that many numbers 
may be used as conversion factors. Pupils are all too apt to pick 
up a process without understanding it, but, with understanding, 
they quickly select the simplest and most effective method for 
the situation at hand. 

If, in the above problem, the divisor had been 3, the proce- 
dure would have been the same. 


(a) 6+3=? (b) 6+3=? 
(6X3) +(2 x3) =? (6X6) +(3X6) =? 
18+2=9 36+4=9 


At this point, it is possible to demonstrate another solution 
which will give a possible explanation for inversion. In this case, 
the conversion factor is so chosen as to change the divisor to 
unity. Although pupils may be given practice with this solution, 
they rarely adopt it. 


6+%3=? 
(6X#) +(% X#) =? 
9+1=9 


Division by decimals is equally simple. Here again, it seems 
desirable to insist that pupils learn to use several possible fac- 
tors, even though one may be the most simple. By doing so, 
the teacher is assured that the pupils are not doing the work 
mechanically. 
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(a) 135-+.45=? (b) 135+.45 =? 
(135 x 100) + (.45 100) =? (135 X20) +(.45 X20) =? 
13500 +45 =300 2700 +9 = 300 


Division by a mixed number, which trips so many pupils, is 
simplified. 


(a) 15+25=? (b) 15+23=? 
(152) +(23} x2) =? (154) + (23 x4) =? 
30+5=6 60 +10=6 


Pupils usually show surprise at obtaining quotients larger 
than the dividends, more so when using abstract numbers than 
in practical problems. The difficulty may be anticipated by 
working out the relationship between divisor and quotient, the 
dividend being held constant. Thus: 


16+16= 1 
16+ 8= 2 
16+ 4= 4 
16+ 2= 8 
16+ 1=16 


When pupils show surprise at the size of their quotient, they 
may be referred to the above sequence. The sequence is then ex- 
tended to include divisors less than unity. 

It is very helpful to make predictions based upon the above 
sequence. For instance, a divisor of } should give a quotient 
slightly larger than the dividend; a divisor of 3 should give a 
quotient over twice as large as the dividend; a divisor of § should 
give a quotient nine times as large as the dividend. 

The writer would like to go on record as being firmly opposed 
to the use of fractional divisors in elementary school mathe- 
matics. There are two grounds upon which this objection is 
based,—the lack of maturity on the part of the pupils, and the 
lack of need for such problems. Even adults rarely divide by 
fractions, using instead the common device of ‘‘two to the yard,” 
or “five to every two yards.’’ At the same time, it is doubtful 
whether pupils can appreciate the principles fundamental to 
fractional division. To insist that pupils learn a process without 
understanding it, is justifiable only when the process is neces- 
sary to their immediate welfare. With a delay of a few years, 
pupils can learn to divide by fractions using methods that they 
understand. 

















SHOWING FILTER ACTION WITH A 
NEON LAMP 


W. L. FENNER 
Hirsch High School, Chicago, Illinois 


The ‘‘B-supply”’ used in radios and amplifiers can be effec- 
tively presented at the high school level. As an invention, it 
involves admirable strategy. The filtering is a first-class applica- 
tion of the storage function of condensers, in the unit on electro- 
statics. 
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An ordinary neon lamp (Edison base) can show to the class 
the result of the rectifier tube, and the smoothing that the filter 
accomplishes. 

Extreme respect for high voltages should be observed and 
taught during this demonstration. The secondary of the power 
transformer may have 700 volts. Use regular radio test prods, 
connected carefully to a pendant socket, preferably the porce- 
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lain kind used in basements. Explain your precautions to the 
class, in order to discourage careless imitation on a home radio. 
It would be still better to use an A.C.-D.C. set; since there is no 
power transformer, the highest voltage is about 110 v. 

Explain that the “B-supply” is a substitute for expensive B 
batteries, which give smooth D.C. for the plates of radio tubes. 

On a real radio or amplifier, identify to the class the power 
transformer, the rectifier tube, and the filter, consisting of two 
or three condensers of perhaps 8 mf each, in a block. Then turn 
the chassis up on one side to show the numerous connections. 


APPEARANCE OF THE WAVING NEON LAMP DwuRING THE TESTS 


se 9 fam | 
o”o oso oO . 3 
When the test prods are touched to the 


original A.C. 


2 2 


uU0U U0 0000 When the test prods touch the center tap 
C and the B-plus. The current is rectified, 
but is pulsating and can cause hum. 








3 3 
— — When the test prods touch the B-plus 
and the B-minus. A smooth streak of light 
<— —— _ shows suitable plate supply. 


The numbers refer to reference points in the circuit. 
Observe the safety precautions explained in the third paragraph. Each 
test should be quick, to avoid high voltage injury to the neon lamp. 


Identify the same items. When the test prods explore certain 
contacts, to be specified below, the neon lamp is to show the pro- 
gressive steps in changing the original A.C. into smooth D.C. 

First attach the test prods to the line voltage. The alternating 
nature of the current is obvious, because the two electrodes 
flash alternately. In a partly darkened room, wave the lamp in 
order to see the alternating flashes. 

Next touch the test prods to the B-plus and the center tap, 
labeled C in the circuit. Now only one electrode glows, showing 
that the current has been rectified. But this current still has bad 
pulsations, as the class can see when the lamp is waved. Explain 
why this pulsating D.C. is unsuitable for the plates of the tubes. 
(If the set has no power transformer, the test prods can touch 
the rectifier cathode and the rectifier plate.) 
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Finally touch the test prods to the B-plus and the B-minus, or 
across the last filter condenser. Now the neon lamp shows 
smooth D.C. When waved, the lamp shows a steady streak of 
light. The pulsations have been filtered out.B-batteries will pro- 
duce the same steady glow. Explain why this smoothed current 
for the plates helps make a radio free of hum. 

After seeing this demonstration, the class can see that the neg- 
ative side of each filter condenser acts as a temporary waiting 
room for electrons that come from the rectifier in pulses. When 
too many electrons come at each pulse, many of them squeeze 
into the condenser. Between pulses, these same electrons are ex- 
pelled because of the back pressure in the condenser. Thus a 
steadier flow is achieved. Analogy may be drawn to the air dome 
of a force pump, or to reservoirs that store river water during 
flood time and let it out during a dry season, thus maintaining 
steady supply. Filter paper in a funnel passes a smooth stream 
of water, even though the water may come from a pulsating 
faucet. 

The action of the full-wave rectifier can be made vivid. When 
the A.C. causes either plate to be positive, electrons are attract- 
ed and extracted from the tube. The instructor may like to re- 
call how two hands milk a cow alternately. Then the center tap 
C is the “‘bucket.” 

The electrons that are fed smoothly into the B-minus are 
heading for the filaments, or cathodes, of the various working 
tubes in the radio. These filaments are giving away electrons, 
and need to have their supply constantly replenished. The plate 
of a working tube takes these electrons, and they return through 
the B-plus to the filament of the rectifier tube, where they are 
again given off. 

In your blackboard diagram, let the working tube now have a 
control grid, connected perhaps to an antenna. Put headphones 
in the plate circuit. 

If an A.C.-D.C. radio is used, the voltages are harmless to 
neon lamps. Three neon lamps could be connected, perhaps with 
solder, if a museum piece is desired. 

The first connection to show A.C. should be to the 110-volt 
line wires. The second connection to show pulsating D.C. should 
be to the rectifier cathode and the rectifier plate. The third con- 
nection to show smooth D.C. should be to the B-plus and the B- 
minus, or across the last filter condenser. 

For the purpose of this demonstration, there is a special nov- 
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elty glow lamp that could be substituted. Each electrode has the 
shape of a Scottish terrier. 

An extra project is feasible with the safer voltages in the A.C.- 
D.C. type of set. By using test prods connected properly to a 
headphone, the audio signal can be traced. Compare the loud- 
ness of the signal coming from the audio detector with the final 
loudness of the amplified signal going to the voice coil of the loud 
speaker. For safety, use tape over the terminals of the phones. 


How Mercury MANOMETERS IMITATE THE NEON LAMP 
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Rectifier 


A two-cylinder pump (or two tire pumps) could imitate a full-wave 
rectifier. 

The sizes of the “choke” and of the delivery nozzle must be adjusted so 
that the balloons will fill slowly. 

The same equipment can show fall of potential. Instead of the balloon 
assembly, put in a long length of gas hose. 





THE NATION’S SCHOOLS 


One fourth of the Nation’s population—32 million persons—are regu- 
larly enrolled in public schools and colleges. In addition, United States 
schools offer their facilities and personnel to hundreds of thousands not 
regularly enrolled. 

Half a million persons, for example, took part last year in public forums 
sponsored by public schools to talk over problems of their communities 
and the Nation. 

A quarter million CCC enrollees were helped to fit themselves for jobs 
and responsibilities of citizenship through instruction in the country’s 
1,500 camps and in nearby schools. 

The Educational Radio Script Exchange has in the 4 years of its exist- 
ence made loans of 240,000 scripts to 1,200 small producing groups from 
coast to coast. 
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NOTE ON BALANCING OXIDATION EQUATIONS 
BY THE ION-ELECTRON METHOD 


JacoB CorNoG 
State University of Iowa, Iowa City, Iowa 


This note describes three different systems for balancing oxi- 
dation equations by the Ion-Electron method. We have called 
them, respectively, The Three, Two, and One Symbol Systems. 
So far as we know, only the Three Symbol System’ has been de- 
scribed previously. The author of the Two Symbol System is un- 
known to the writer, but this System has been used at the Uni- 
versity of lowa for many years. The One Symbol System was hit 
upon by the author somewhat by accident. We believe that the 
latter two systems are somewhat simpler in statement and appli- 
cation than is the widely used Three Symbol System. We assume 
that a majority of readers are familiar with the Ion-Electron 
method, hence the following descriptions contain only the rules 
for writing partial equations in which oxygen is lost or gained. 

The Three Symbol System. Jette’ gives the following rules for 
writing equations in which oxygen is gained or lost. 

a. In acid solutions use H+ or H,0 to add or remove oxygen. 

b. In alkaline solutions use OH~ or H,O to add or remove oxy- 
gen. 

X+OH- =X0+H,20 


The three symbols ““H*,” “OH~”’ and “‘H,O” are used to add or 
remove oxygen, hence the term “‘Three Symbol System.” 

The reaction between sulfite and permanganate is one in 
which oxygen is gained or lost by both the oxidizing and reduc- 
ing agent. The equation for this reaction will be used to illustrate 
all three systems. If the Three Symbol system were used to bal- 
ance this equation and if some of the operations were performed 
mentally, the pencil work of balancing the equation would ap- 
pear thus. 


5 SO;-- +2 MnO,-+6 H+ =5 SO,--+2 Mnt++3 HO 
10 10 
5 SO;--+5 H,O=5 SO,--+ 2 Ht++ 2 (-) 
10 16 8 
4 (—) +2 MnO,-+ $ H+=2 Mn+++4 H,0 


We assume that most readers are familiar with this system 


1 Jette. Oxidation-Reduction Reactions in Inorganic Chemistry. Century Co., New York (1927). 
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and with the method used when writing equations in which hy- 
drogen peroxide is a reactant. 

The Two Symbol System. The Two Symbol System is based on 
the following rules. 

a. Use H* to remove oxygen in both acid and alkaline solu- 


tions. 
XO+2 H+=X+H.0 


b. Use OH~ to add oxygen in both acid and alkaline solutions. 
X+OH-=X0+H.20 
The term ‘‘Two Symbol System” refers to the fact that two 
symbols “H+” and ““OH~” are used to add or remove oxygen in 
partial equations. 
The actual completed work of balancing the equation for the 


sulfite-permanganate reaction by the two symbol system would 
appear thus. 


5 SO;-~+2 MnO,-+6 H+=5 SO,-~+2 Mn+++3 H2O 


10 10 
5 SO,;--+ 2 OH-=5 SO,--+5 H.0+ 2 (-) 
10 16 8 


5 (—)+2 MnO,-+ $ Ht+=2 Mn+++4 HO 


The Two Symbol System may be applied to hydrogen perox- 
ide equations with only slight modification. The rules of the Two 
Symbol System may be used without qualifications to write a 
partial equation in which oxygen is removed from hydrogen 
peroxide. 


2 (—)+H.0.+2 H+ =H.0+H.0 =2 H:O 


Next let us attempt to apply the rule “OH~ adds oxygen” 
literally and without qualifications. We get: 


Since the symbol “‘H,O;” represents a rare substance and since 
oxygen is frequently evolved during hydrogen peroxide reactions 
little imagination is required to perform the following opera- 
tions. 
H.O.+2 OH~ =H.0;+H:20+2 (—) 
=H,0+0.+H20+4+2 (—) 
=2 H.0+0,.+2 (—) 
In brief: 
H.0,+2 OH-=2 H.0+0,+2 (— ) 
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The One Symbol System. The One Symbol System is based 
upon the following rule. 

Use HO both to add or remove oxygen in both acid and alka- 
line solutions. 

a. To add oxygen X + H,O = XO + 2 H+ + 2 (-) 
b. To remove oxygen 2 (—) + XO+ H,O = X + 2 OH- 
The term ‘‘The One Symbol System”’ is based upon the fact that 
this system uses only one symbol ‘‘H,O”’ to add or remove oxy- 
gen. The actual completed work of balancing the sulfite perman- 

ganate reaction by the one symbol system would appear thus. 


5 SOs--+2 MnO,-+3 H,O=5 SO,--+2 Mn*+++6 OH- 


10 10 
5 SO;--+5 H.O=5 SO,--+ 2 Ht++ 2 (-) 
10 8 16 


§ (—)+2 MnO,-+4 H.O=2 Mnt+++ $ OH- 


The final equation obtained by the one symbol system differs 
from the final equation obtained by both the three and two sym- 
bol system in having “‘3 H,O” on the left and “6 OH~”’ on the 
right. If this difference is vital a little abracadabra may be used 
to make the last equation like the other two. If the item ‘6 H*”’ 
is added to both sides we get 


5 SOs-~+2 MnO,-+3 H2O0+6 H+ 
=5 SO,-~+2 Mn*t*++6 OH-+6 H+ 


On the left “6 OH- + 6 H+ = 6 H.O,” then by cancelling “3 
H,O”’ from both sides the equation is the same as obtained by 
both the three and two symbol systems. 

The one symbol system is applicable to hydrogen peroxide re- 
actions. 

a. Oxygen added H,O.+H,0=H.0; + 2H* + 2 (—) 

b. Oxygen removed 2 (—) + H,O, + H,O = H.,0+2 OH- 

We have used both the three and the two symbol systems ex- 
tensively and with satisfaction in our classes. We favor the latter 
as being the more simple and more easily learned by freshmen. 
We have not thus used the One Symbol System and doubt if it 
has any advantage over the Two Symbol System. 

Hydrogen peroxide is only one of many compounds represent- 
ing an intermediate degree of oxidation, that give rise to “hard 
to balance’’ equations. Thiosulfate, tetrathionate, and salts of 
‘per’ acids are such compounds. The Two and One Symbol sys- 
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tem may be expeditiously applied to the balancing of equations 
for reactions of such compounds. 

At this point we wish to reply to the probable remark of some 
critical readers. The remark is something like this: ‘Yes the sug- 
gested rules do simplify matters, but they conflict with known 
experimental facts.’’ We shall not attempt to meet this objection 
but will observe that most oxidation equations, finished and bal- 
anced according to the rules of any balancing system, also dis- 
agree with many known experimental facts. We offer three ex- 
amples. 

Consider first an equation often used to represent the reaction 
between metallic copper and concentrated sulfuric acid. 


Cu+2 H.SO,= CuSO,+S0.+2 H.O (1) 


Chemists who use this reaction to prepare copper sulfate or sul- 
fur dioxide, will observe a considerable quantity of black residue 
in the flask at the conclusion of the reaction. Some assume this 
residue is an impurity. Admirers of the oxide method of balanc- 
ing oxidation equations may say that the residue is cupric oxide 
and mention this fact in support of this theory. In fact it is none 
of these. Andrews,” Rogers® and others have analyzed this resi- 
due and found that it was a mixture of cuprous and cupric sul- 
fides, a fact not at all indicated by equation 1. 

The equations for the dissolving of metallic copper in nitric 
acid as represented by equations 2 and 3 are frequently met in 
freshmen instruction. 


Cu+4 HNO;=Cu(NO3)2+2 NO:+2 H:O (2) 
3 Cu+8 HNO;=3 Cu(NO;)2+2 NO+4 H.O (3) 


Bagster‘ reports that metallic copper is not attacked by dilute 
nitric acid that is free from nitrous acid, and that the gas evolved 
in the reaction is seldom a single nitrogen oxide, but rather a 
mixture of several different nitrogen oxides, the proportion of 
which varies with experimental conditions. Again the equations 
do not represent the facts, or do so only haltingly. 

Another grand old equation that has been carried in text 
books for at least half a century purports to represent the reac- 
tion between sodium thiosulfate and sulfuric acid. 


Na2S20;+ H2SO, = NaeSO,+H20+S02.4+5 (4) 


2 Andrews, Jr. Am. Chem. Soc., 18, 251 (1896). 
3 Rogers, Jr. Am. Chem. Soc., p. 254 (1926) 
4 Bagster, Jr. Am. Chem. Soc., 119, 82 (1921) 
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Yet Brockman’ successfully used sodium thiosulfate to precipi- 
tate many metallic sulfides and Ostrom® reports that different 
investigators have found no less than thirteen different end prod- 
ucts as resulting from this reaction, which are represented by 
the formulas: 


HO, SOs, ik, SO." ~, a H.SOs3, H2SOz, SO, 
S$:0.--, S:0;-~, S$306--, S;06~~, S,0;-~- 


Clearly each of the three examples just given consist of not 
one but of several consecutive and side reactions and a single 
equation cannot be used to represent all of them. Probably a 
similar remark applies to nearly all of the oxidation equations 
balanced by elementary chemistry students. Just what the pur- 
pose and significance of such finished equations may be, each 
may decide for himself. 


5 Qualitative Analysis, Ginn and Co. (1930). 
* Ostrom, The Decomposition of Thiosulfuric Acid. Univ. of Iowa Ph.D. thesis (1930). 





A NOVEL PLATE DEVELOPING TANK 


W. A. PoRTER 
University High School, Madison, Wisconsin 


A great many camera fans who need to develop slides, cut 
film or plates would like the convenience of a daylight tank. To 
achieve this I have developed a wrinkle that works very well 
and costs so little that others might want to use it. The parts 
needed are: a wooden board about 16 inches long by 9 inches 
wide by ? inches thick, 2 two pound coffee cans, and two wide 
mouth Kerr type quart jars. 

The construction and operation of the device is very simple; 
nail the lids of the coffee cans to board with the flange or rim 
upward. This board gives stability to the device. The wide 
mouth jars are filled with the solutions and placed on the lids. 
When the container part of the coffee can is turned upside down 
over the quart jars and fitted into the lid, the solutions are in 
total darkness. To develop a plate it is only necessary to turn 
off the light while the plate is being placed in the developer. As 
soon as the can is in place the light may be turned on and other 
work done. For developing small sized plates or film the pint 
size wide mouth jar may be used with a consequent saving in 
solution cost. 
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To support the film or plate in the solution use regular film 
clips soldered to metal rods so placed that the rods rest on the 
top of the jar and allow the film to be immersed in the solution. 
When development is complete the film can be rinsed, placed in 
the hypo jar and covered up again so that the light may be 
turned on. For negatives that require individual care in develop- 
ment this device is of great value because any negative may be 
removed for examination at will. 





It will be found desirable to paint the top of the cans with 
some black waterproof paint lest the developer that inevitably 
is spilled over it cause undesirable corrosion. 


LONDON’S EVACUATED CHILDREN BENEFITING 
FROM STAY IN COUNTRY 

Children evacuated from London and other English cities to safe shelter 
away from bombed areas are gaining in health as a result of their stay in 
the country, Dr. Martha M. Eliot, assistant chief of the U. S. Children’s 
Bureau, found on her visit to England as a member of the Civil Defense 
Commission. 

No one in England, of course, has had time to make scientific studies of 
the children’s health, but from her observations and from statements made 
to her, Dr. Eliot believes the health effect of the country life has been 
good. The English authorities, and Dr. Eliot herself, were also impressed 
with the broadening effect on the children’s mental cutlook that the change 
of surroundings has given them. 

The children have stood the psychological effect of bombing much better 
than grown-ups, Dr. Eliot was told. A small proportion have suffered from 
anxiety neurosis of a mild type as a result of experiences during air raids. 
Child guidance authorities are working with government authorities to 
develop as rapidly as possible a program giving these children proper care 
so that the neurosis will not be lasting. 

Child welfare problems now facing the English are: further improve- 
ment in placement of evacuated children in homes suited to each child; 
plans for reuniting the children with their families after the war. 
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STUDENT WILDLIFE INTERESTS 
P. A. DAVIES 


University of Louisville, Louisville, Kentucky 


Wise use of wildlife has become a national problem. Exploita- 
tation has reduced the number in many species to the verge of 
extinction. In order to protect these species and to regulate the 
use of species with larger numbers, it will be necessary to have 
a unified constructive wildlife program. Any successful program 
will require the interests of large groups of people. The place 
where this interest can be most easily and wisely acquired is in 
the public schools. A study was made to determine how well the 
public schools stimulate this interest. This paper presents re- 
sults of this study on wildlife interests of a group of students 
who had completed their public school education. 

The data presented are from an analysis of student responses 
on an interest-inventory check list containing 200 widely dis- 
tributed zoological topics and given to 133 students entering 
the beginning college zoology course. They were asked to rate 
each topic as to whether they were: (1) much interested in the 
topic, (2) mildly interested in the topic or (3) not interested in 
the topic. On these bases, percentage ratings for each topic were 
made. Nearly all the students were from the city of Louisville, 
so the responses chiefly represent urban interests. 

Fig. 1 shows the comparative interests of various groupings of 
students. All students were interested in 51.43 per cent (black- 
ened area) of all the topics, mildly interested in 33.76 per cent 
(cross-hatched area) and not interested in 14.81 per cent (clear 
area). Eighteen of the topics dealt with wildlife. When these 
topics are considered a different picture is presented. All stu- 
dents were interested in only 27.27 per cent of the topics, mildly 
interested in 48.50 per cent and not interested in 24.23 per cent. 
This shows a large decrease of interest below and an increase 
in mild interest and no-interest above that shown for all topics. 

If there are two groups of students which should be interested 
in wildlife problems, it is the biology majors by reason of the 
nature of the material and the education majors who are pros- 
pective teachers. The figure shows that both the biology and 
education majors had low interests in the wildlife topics. The 
interest of the biology majors was below and the education ma- 
jors slightly above the interest shown for all students. However, 
there was a marked increase in mild interest and a decrease in 


425 








426 SCHOOL SCIENCE AND MATHEMATICS 


no-interest over that shown for all students. To be deeply con- 
cerned about problems of wildlife, one must be deeply interested 
in them. The low interest rate indicates that the students were 
not greatly concerned about wildlife. 

The wildlife topics were classified into four groups: (1) con- 
servation of wildlife, (2) natural history of animals, (3) eco- 
nomic value of wildlife and (4) opportunities to work in the field 
of wildlife conservation. The results of student interests in these 


TABLE 1. STUDENT INTERESTS IN THE DIFFERENT WILDLIBE 
Topic GROUPS 





All Students 




















Topic Groupings ~— ean | Mildly ef Not 
Topics | pone mg Tatemeated Interested 
er Cent Per Cent 
Conservation of Wildlife | 9 24. . 51.63 24 2B 
Natural History of Animals a. 30.22 — a 46. 32 23 46 
Reonemic Value of Wildlife 3 30.07 45. 36 24.56 | 
Opportunities to Work in The - as i 


Field of Wildlife Conservation 1 | 32.33 40.60 27 .07 








| Biology Majors Education Majors 

| Mildly | Not | Mildly | Not 
€l- | Inter- | Inter- | Inter- | Inter- | Inter- 
| ested | ested | ested | ested ested | ested 
Per |i we} he | CA Per Per 
Cent | Cent | Cent | Cent | Cent | Cent 


Topic Groupings 





Conservation of Wildlife | 20.20 | 60.61 | 19.19 | 21.37 





68.37 | 10.26 





Natural History of Animals | 23.64 | 67.27 | 9.09 | 35.38 | 50.77 | 13.85 





Economic Value of Wildlife 15.15 | 66.67 | 18.18 | 30.78 | 56.40 | 12.82 





Opportunities to Work in The : 
Field of Wildlife Conservation | 54.54 | 36.36 | 9.10 | 30.76 53.84 | 15.40 





groups are given in table 1. The data show that for all students 
and biology majors the highest interest was in opportunities to 
work in the field of wildlife conservation and for educational 
majors in natural history of animals. The lowest interest of the 
all student group and education majors was in conservation of 
wildlife and for the biology majors was in economic value of 
wildlife. With higher interests in opportunities to work in the 
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field of wildlife and low interests in the subjects of wildlife, it 
appears that students are more interested in opportunities to 
work and not so much concerned about the nature of the work. 

Mild interests for all students and biology majors were higher 
in conservation of wildlife, natural history of animals and eco- 
nomic value of wildlife, and lower in opportunities to work in the 
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Fic. 1. Percentage of responses to wildlife topics made by various groups 
of students. The blackened areas indicate the percentage of topics in which 
students were much interested; the cross-hatched areas, in which they were 
mildly interested; and the light areas, in which they had no interest. 


field of wildlife conservation. Education majors indicate a 
higher mild interest in conservation of wildlife, economic value 
of wildlife and opportunities to work in the field of wildlife con- 
servation. 

For all students, the no-interests were uniform and rather 
high. Biology majors show a low no-interest rate in natural his- 
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tory of animals and opportunities to work in the field of wildlife 
conservation. The education majors have the highest no-interest 
in opportunities to work in the field of wildlife and the lowest 
in conservation of wildlife. 


THE COMBINED INTRODUCTORY COURSE 
IN SECONDARY SCIENCE* 
H. W. BAKER 
James Ford Rhodes High School, Cleveland, Ohio 


The viewpoint of the combined course preliminary to the spe- 
cialized courses, has been attained as a result of my teaching 
experience in chemistry and the other sciences, together with 
the results of various inquiries into the interests and desires of 
pupils at various levels and in various communities. Some infor- 
mation was gleaned from a questionnaire sent to high school 
graduates, with regard to chemistry; some was obtained from 
questionnaires submitted to pupils at lower grade levels in a 
variety of areas. The principal conclusion seemed to be that we 
needed a grade placement definitely agreed upon, such as is 
planned by the N.E.A. Science Committee. 

While there is no question that there is a definite and perma- 
nent field for the pure college preparatory chemistry, yet most 
of us will concede that such a course would meet the need of but 
a small percentage of our people. A large proportion of a class 
will be primarily interested in the consumer-chemistry angle and 
all of them will be interested to some extent in this viewpoint. 
It is necessary, however, to have a comprehension of the fun- 
damental principles of this field of science if a pupil is to continue 
into any intelligent further use of chemistry. 

My principal argument, then, is that each and every pupil 
who has sufficient mental ability to reach the eighth grade with 
any degree of scholastic success should be at least exposed to 
these principles. If he can comprehend these principles, fine! If 
he can not only comprehend them, but also apply them, far 
better! How may this goal be attained? 

If the National Science Committee, working under the Na- 
tional Education Association at the present time, is in any rea- 

* Presented at the Cleveland meeting of the Central Association of Science and Mathematics Teach- 
ers, November 22, 1940. 
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sonable degree successful in its purpose, there will be definite 
sections of scientific knowledge to be included in the curriculum 
at varying and appropriate levels from the kindergarten through 
the junior college. Trusting that the recommendation of that 
committee will carry some weight with the educational systems 
of the country, let us consider a proposition which would fit into 
the above plans: 

There are a number of fundamental principles of each of the 
3 major fields of science which may be presented in a sufficiently 
comprehensible form for absorption by the pupils of the adoles- 
cent years found in grades 7 through 10. Some school systems 
will want to consider this proposition in terms ofa 3 year offer- 
ing starting with grade 7; others in terms of a two year require- 
ment to be completed in grade 10 at the latest. Whatever the 
grade placement, I propose a course approximating two years 
which should include adequate exposition of the simplest and 
most fundamental principles of biology, physics, and chemistry, 
interlocked and harmonized with the fundamentally useful 
knowledge of other fields of science. 

This would include a comprehension of the simple essentials 
involved in the causes and prediction of weather, a minimum un- 
derstanding of the formation and decay of rocks, an adequate 
knowledge of soil-fertilizer factors, and other such connective 
tissue as could well be comprehended and utilized by pupils of 
that age. 

Such a course would meet the N.E.A. National Science Com- 
mittee’s requirement of specifying what minimal materials must 
be moved into an earlier position in the curriculum, so that they 
may be guaranteed as a product of those definite years. 

As long ago as 1930 such a course was developed in connection 
with chemistry for Home Economics students. This course em- 
phasized the bare fundamental principles of the field of chemis- 
try and received the hearty approval of supervisors as well as 
the enthusiastic interest of the students. Another course which 
emphasized the fundamentals for nurses was in operation for 
some years before this. 

These courses broke away from the traditional approach of 
the individual sciences, even though they were still headed as if 
more closely related. It would be well to diverge still further 
from the traditional compartmentalization and to endeavor to 
discover a logical and psychological sequence which would apply 
to the daily life of the pupils. At the high school stage, they will 
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not be attracted so much by a consumer science setup as they 
will by a smoothly sequential program of exposition of the fun- 
damental principles which are basic both specifically and co- 
inclusively in the various branches of science. 

For example, it is not necessary to understand the reason of 
the motions of the planets and the causes of the movements of 
the earth’s atmosphere, but any pupil of sufficient age to be 
reasonably curious (and I realize this age may range from 2 years 
to the grave) will appreciate knowing that he may count upon 
those planetary motions to determine our seasons and upon 
those atmospheric changes to indicate what weather is ap- 
proaching. Few people need to understand how metamorphic 
rock is formed, but a reasonable knowledge of rock and soil for- 
mation is a bit of knowledge which may be applied in many ways 
in ordinary life. Very few individuals need to know how to build 
a dam to control erosion, but the principles of erosion control 
and contour farming can be applied to the yard of an apart- 
ment house. 

Few people care to know why and how mineral deposits are 
found in Colorado and Arkansas, yet all of us are deeply con- 
cerned with the fact that these deposits are essential to make us 
economically independent of foreign countries. If we know the 
principles underlying air-conditioning, is it not more likely that 
we should be able to take care of any difficulties which arise in 
connection with the operation of such a system? Only a small 
percentage will be interested in the essentials of how to rewire 
a house for electricity, but certainly all of us need to understand 
the fundamental principles involved when a fuse blows out and 
must be replaced with due safety. 

If such courses are presented from books which are written 
with junior high vocabulary, with new words introduced care- 
fully, and with adequate illustrations and diagrams which really 
aid in explanation—instead of being just page “‘filler’’—this will 
make the approach to science far easier and more attractive. 
There are many terms which may be omitted from the present 
courses, not only at the survey stage, but even from the spe- 
cialized course. It is wise to bring into use the terminology used 
in everyday shop parlance as well as to school a student in the 
simpler technical terms which are fundamentally essential. Thus 
a new vocabulary may be introduced somewhat painlessly, and 
a reasonable amount of it may be guaranteed to the teacher of 
the subsequent science field. 
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Our general science courses of the past have had such a ridicu- 
lous and tremendous variation of both materials and implied 
educational attitudes that we may say simply that introductory 
science is calling for a re-deal. Several of the papers presented at 
the Detroit meeting of The American Chemical Society, articles 
published in various journals such as The Journal of Chemical 
Education, call for a modernized or decompartmentalized course. 
The recent publication of The American Council for Education 
on ‘‘What the High Schools Should Teach,” and the lead article 
in the current (December, 1940) Country Gentleman, both sug- 
gest the need for a more practical viewpoint than has been 
maintained heretofore. We cannot base our choice of materials 
upon pupil needs, for the stark fact is that no one has yet been 
able to predict even fairly well the future needs of any genera- 
tion. This is more plainly true with regard to skills which may 
of necessity give way to mechanics, and with regard to knowl- 
edge of views which must be constantly revised in view of con- 
stantly changing conditions. Once this series of fundamental sec- 
tions of science fitted to the different grade levels is agreed upon 
by the National Science Committee and cooperatively accepted 
by the schools of the country, it will be far more serviceable to 
the pupil for three principal reasons, namely, (1) he will know 
that he can change schools and be approximately at the same 
stage of progress; (2) he will know that he is responsible for 
certain materials at certain grade levels; (3) he will have an 
earlier insight into the offerings of the different fields of science. 

There is at least one book under way which is intended to 
embrace this particular idea; it also aims at a simplified vocabu- 
lary which should build easily to an understanding of more tech- 
nical terms. 

Summarizing, I submit that the answer to our changing needs 
in science is an adequate introductory-survey course based upon 
the simple fundamental principles as they are related to the 
pupils’ daily science experiences. This material should be 
planned not just for ‘use’ only, but for pupil application to daily 
problems and attempts to solve those problems in terms of 
applying scientific principles, methods, and attitudes. 

Finally, as one of the contributions which this organization 
could make toward desirable progress, should we not go on 
record for, and actively work toward the adoption of two things: 
(1) A universal use of the metric system, and (2) A pure food 
and drugs law which will be really effective. 








A LIST OF FUNDAMENTAL THEOREMS 
IN GEOMETRY 


JosepH A. NYBERG 
Hyde Park High School, Chicago, Illinois 


In a previous article I discussed how a study of logical think- 
ing about non-mathematical material could be introduced into 
a geometry class. It is necessary next to consider how time can 
be arranged for this added material. This problem will be dis- 
cussed in three parts: the selection of a list of fundamental 
theorems, the selection of exercises, and finally, other ways in 
which time can be saved. 

The choice of theorems depends on our objectives. We may 
state these in such language as: ability to prove triangles con- 
gruent, ability to use similar triangles, etc.; or we may state the 
more distant and permanent objectives such as: ability to for- 
mulate a problem, to gather data, to interpret data, to recognize 
a proof, and so forth. In any event we can begin by selecting the 
theorems on which to base the work that will develop these 
abilities. 

Hale Pickett has made a study” of theorems using five cri- 
teria: (1) Need in proving other theorems, (2) Need in solving 
exercises on examinations given by college boards, West Point, 
Annapolis, etc., (3) Frequency with which the proof of the theo- 
rem was demanded in these examinations, (4) Frequency of the 
theorem in various syllabi, and (5) Frequency of the theorem in 
some textbooks. 

Exercises can, of course, be solved in different ways. Thus 
the lines joining the midpoint of one side of a triangle to the feet 
of the altitudes to the other sides are equal is a short and simple 
exercise if we may quote the fact that the median to the hy- 
potenuse equals half the hypotenuse. If the theorems that a 
pupil may quote is restricted in any manner, we must choose 
between more theorems or longer proofs. 

Again, in examinations, to test a pupil’s knowledge of radicals 
we can hardly avoid using some equilateral or isosceles right 
triangles. Hence certain relations will appear oftener than their 
importance warrants. Examinations are also slow to reflect any 


! Teaching Geometry and Logic, ScHoot ScIENCE AND MATHEMATICS, March 1939. 
? An Analysis of Proofs and Solutions of Exercises Used in Plane Geometry Tests. Contributions to 
Education, No. 747, Teachers College, Columbia University, 1938. 


432 














FUNDAMENTAL THEOREMS 433 


new trend. As Pickett points out, the examinations that he 
studied showed almost no use of the indirect method in spite of 
many recommendations for greater attention to them. 

For our purposes—the elimination of some material to make 
room for other material—the third, fourth, and fifth criteria 
that Pickett used need not be considered. His first criterion is 
also less important. After about ten weeks the pupil has seen 
the nature of a postulational system, and thereafter we can say 
to the class ‘‘Theorem X is used only to prove Theorem Y, we 
could prove it if we chose to do so, but we can save time by as- 
suming it.’ For some other theorem we can say ‘‘This theorem 
is not needed logically, but we shall include it because it will 
shorten many proofs.’’ Other theorems are not needed logically 
in one arrangement of theorems but may be needed in another 
arrangement. Some logically unnecessary theorems are good 
pedagogic material and deserve a higher rank in the pupil’s 
mind than an exercise. With these considerations in mind I 
would have difficulty in defining the word theorem except to say 
that from the statements that have been called theorems in the 
past I shall select those that will help me to attain the objec- 
tives. | am not seeking the shortest possible list if thereby I force 
a pupil to write lengthy proofs; neither do I want a list so long 
that a pupil’s perspective of the subject is lost. 


In the usual introductory unit the pupils learns about axioms 
and postulates. These need not be mentioned here. He also be- 
comes familiar with ten or fifteen general statements which we 
may call preliminary theorems such as: 

All right angles are equal. Vertical angles are equal. Comple- 
ments of equal angles are equal, and so forth. 

To these I would add: If two angles are equal and also sup- 
plementary, they are right angles. 

In the rest of this discussion I number the theorems that are 
called fundamental. 


Book ONE 
Th. 1. Triangles are congruent if two sides and the included angle . . . etc. 
Th. 2. Triangles are congruent if two angles and the included side 


- ae. 

Th. 3. Angles opposite equal sides of a triangle are equal. 

Cor. The bisector of the vertex angle of an isosceles triangle is perpen- 
dicular to the base and bisects the base. 

Th. 4. Triangles are congruent if three sides . . . etc. 
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Th. 5. If two points are each equidistant from the ends of a line, they 
determine the perpendicular bisector of the line. 


The above theorem is introduced because it shortens many 
proofs and because of its many pedagogic values, such as: the 
meaning of determine, the selection of corresponding parts, the 
means of proving lines perpendicular, the use of overlapping tri- 
angles, etc. 

Th. 6. An exterior angle of a triangle is greater than either of the remote 
interior angles. 

Th. 7. If two lines intersect a third line so that a pair of alternate interior 
angles are equal, the two lines are parallel. 


Cor. 1. If the corresponding angles are equal . . . etc. 
Cor. 2. If two lines are perpendicular to a third line . . . etc. 
Cor. 3. If two interior angles on the same side of a transversal . . . etc. 


Th. 8. If two lines are parallel the alternate interior angles formed by a 
transversal are equal. 

Cor. 1. Corresponding angles of parallel lines are equal. 

Cor. 2. A line perpendicular to one of two parallel lines . . . etc. 

Cor. 3. Interior angles on the same side of a transversal of . . . etc. 

Th. 9. The sum of the angles of a triangle is 180°. 

Cor. 1. Each angle of an equilateral triangle equals 60°. 

Cor. 2. An exterior angle of a triangle equals .. . etc. 

Cor. 3. The acute angles of a right triangle are complementary. 

Cor. 4. If two angles of a triangle equal respectively two angles of another 
triangle, the third angles are equal. 

Cor. 5. Triangles are congruent if two angles and any side of one triangle 
equals respectively two angles and the corresponding side of the other. 

Th. 10. Two right triangles are congruent if the hypotenuse and an 
arm ... CIC. 

Th. 11. If two angles of a triangle are equal, the sides opposite them are 
equal. 

Th. 12. If a point is on the perpendicular bisector of a line the point is 
equidistant from the ends of the line, and conversely. 

Cor. The perpendicular bisectors of the sides of a triangle intersect at a 
point which is equidistant from the vertices. 


The above corollary is usually called a theorem. I dislike call- 
ing it a corollary since many teachers think that corollaries are 
of minor importance and can be omitted when time must be 
saved. But if we regard a fundamental theorem as a tool that is 
used to prove original exercises, then the above corollary is not 
a fundamental theorem. Formerly I treated the four theorems on 
concurrent lines as a unit, but I can save time by treating this 
one as drill material for Theorem 12; similar remarks apply to 
the corollary of the next theorem. 

Th. 13. If a point is on the bisector of an angle, the point is equidistant 
from the sides of the angle; and conversely. 

Cor. The bisectors of the angles of a triangle intersect at a point which is 
equidistant from the sides of the triangle. 
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Th. 14. The opposite angles of a parallelogram are equal, and the oppo- 
site sides of a parallelogram are equal. 

Cor. 1. If one of the angles of a parallelogram is a right angle, all the 
angles are right angles. 

Cor. 2. If two adjacent sides of a parallelogram are equal, all the sides 
are equal. 


I dislike the statement: A diagonal of a parallelogram divides 
it into two congruent triangles. Such a statement fails to tell 
which sides of the triangles are corresponding ones, and hence 
it can be used only in the few cases when particular sides are 
not compared (as in studying areas) ; and in those exercises other 
equally simple methods are available. 

Th. 15. Diagonals of a parallelogram bisect each other. 


Th. 16. If the opposite sides of a quadrilateral are equal, the figure is a 
parallelogram. 


Th. 17. If two sides of a quadrilateral are parallel and equal, the figure 
is a parallelogram. 


Th. 18. If the diagonals of a quadrilateral bisect each other, the figure is 
a parallelogram. 

Th. 19. If three or more parallels cut off equal segments on one trans- 
versal, they cut off equal segments on any transversal. 

Th. 20. If a line joins the mid-points of two sides of a triangle it is parallel 
to the third side and equals half of it. 


Inequalities are being slighted more each year, particularly in 
minimum courses. I believe a class can find time to consider the 
next two theorems on inequalities. 


Th. 21. If two angles of a triangle are unequal, the sides opposite these 
angles are unequal, and .. . etc. 


Th. 22. If two sides of a triangle are unequal, the angles opposite these 
sides are unequal, and .. . etc. 


Th. 23. The sum of the angles of a polygon of m sides is . . . etc. 


The statement about the sum of the exterior angles of a poly- 
gon is not one of the tools which a pupil will need in other exer- 
cises. It may well be discarded. 

Book I usually includes a treatment of concurrent lines. Two 
of the four theorems have been mentioned as corollaries of 
Theorems 12 and 13. The concurrence of the altitudes is not a 
tool that the pupils will use in elementary work, and this fact 
may be treated as an exercise. The concurrence of the medians, 
however, is important as a means of explaining the center of 
gravity of a triangle and also in the study of inscribed and cir- 
cumscribed circles of an equilateral triangle. 


Th. 24. The medians of a triangle intersect in one point . . . etc. 


The 1923 National Report mentioned in its list of subsidiary 
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theorems: If two angles have their sides respectively parallel or 
respectively perpendicular to each other, they are either equal 
or supplementary. In any exercise where this statement could 
be used other simple proofs are available. Authors have felt 
compelled to include the theorem in textbooks because inexpe- 
rienced teachers treat suggestions in national reports as com- 
mands. However, for future use, the class should prove or adopt 
the assumption: Lines that are respectively perpendicular to 
two intersecting lines are not parallel. 


Book Two 
After certain preliminary theorems such as: a diameter bi- 


sects a circle, ... we have 


Th. 25. Equal central angles in the same circle or in equal circles have 
equal arcs and equal chords. 

Th. 26. Equal chords... have... equal... etc. 

Th. 27. Equal arcs... have... equal... etc. 

Th. 28. A line through the center perpendicular to a chord bisects the 
chord and the arcs of that chord. 

Cor. 1. The perpendicular bisector of a chord passes through the center 
of the circle. 

Cor. 2. A line from the center bisecting a chord, not a diameter, is per- 
pendicular to the chord. 

Th. 29. In the same circle or in equal circles, equal chords are equidistant 
from the center. 

Th. 30. In the same circle or in equal circles, chords that are equally dis- 
tant from the center are equal. 


As mentioned in the discussion of Theorems 21 and 22, I do 
not favor omitting inequalities entirely. If any treatment of de- 
pendence is included in the year’s work, there must be some ref- 
erence to inequalities. Hence I include the next two theorems. It 
is not expected that every pupil be familiar with the proofs, 
but the facts will be useful later in pointing out that the chords 
are neither directly nor inversely proportional to their distances 
from the center. 

Th. 31. In the same circle or in equal circles, if two chords are unequal, 
the smaller chord is at the greater distance from the center. 


Th. 32. In the same circle or in equal circles, if two chords are unequally 
distant from the center, the chord nearer the center is the greater chord. 


Th. 33. If a line is perpendicular to a radius at its point on the circle, the 
line is a tangent to the circle. 

Th. 34. If a line is a tangent to a circle, it is perpendicular to the radius 
drawn to the point of tangency. 

Cor. 1. A perpendicular to a tangent at the point of contact passes 
through the center of the circle. 

Cor. 2. A line from the center perpendicular to a tangent passes through 
the point of contact. 
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Cor. 3. If two circles are tangent to each other, the line joining the centers 
passes through the point of tangency. 

Th. 35. Tangents to a circle from a point are equal. 

Th. 36. The number of degrees in a central angle equals the number of 
degrees in its arc. 

Th. 37. An inscribed angle is measured by half its arc. 

Cor. 1. In equal circles equal inscribed angles have equal arcs. 

Cor. 2. In equal circles equal arcs have equal inscribed angles. 

Cor. 3. An angle inscribed in a semicircle equals 90°. 

Cor. 4. A right angle can be inscribed in a semicircle. 


Corollary 4 is used almost as often as cor. 3; frequently it is 
used unconsciously, the pupil thinking that he is using cor. 3. 

Th. 38. An angle formed by a tangent and a chord is measured by . . .etc. 

Th. 39. Arcs cut off by parallel lines are equal. 

Th. 40. An angle formed by two chords is measured by . . . etc. 


Th. 41. An angle formed by two tangents, or two secants, or a tangent 
and a secant is measured by .. . etc. 


Theorems about loci are not stated here as they are restate- 
ments of previous theorems and their converses. 


Book THREE 


The algebraic theorems dealing with proportions are 


a) The product of the means equals the product of the extremes. 

b) If the product of two numbers equals the product of two other num- 
bers, either pair may be used as the means and the other pair as the ex- 
tremes of a proportion. 

c) The means may be interchanged. 

d) The extremes may be interchanged. 

e) The ratios may be inverted in a proportion. 

f) The sum of the first two terms divided by the second equals the sum 
of the last two terms divided by the fourth. 

g) The difference of the first two terms divided by the second equals the 
difference of the last two terms divided by the fourth. 


The terminology used above is, I think, much simpler than 
the traditional alternation, inversion, etc. The phrase “‘is to”’ to 
denote ‘‘division by” still persists, even among teachers who 
pride themselves on never allowing a pupil to use “‘cancel’’ or 
“transpose” in an algebra class. 

Th. 42. A line parallel to one side of a triangle and intersecting the other 
two sides, divides the other sides proportionally. 

Cor. If a line is parallel to one side of a triangle and intersects the other 
two sides, either side divided by one of its segments equals the other side 
divided by the corresponding segment. 

At this point most courses include the theorem: The bisector 
of an angle of a triangle divides the opposite side into parts 
that are proportional to the adjacent sides of the angle. This 
statement has so few uses that it cannot be considered a funda- 
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mental theorem. It is a good exercise. The corresponding theo- 
rem dealing with the bisector of an exterior angle has even fewer 
uses in elementary courses. 

Th. 43. If a line divides two sides of a triangle proportionally it is parallel 
to the third side. 

The above theorem has few uses except to aid in the proof of 
a later theorem, 45. It is included here also for its pedagogic 
value—a means of reviewing indirect proofs. 

Th. 44. Two triangles are similar if two angles of one are equal respec- 
tively to two angles of the other. 

Th. 45. Two triangles are similar if an angle of one equals an angle of 
the other and the including sides are proportional. 

Next, most courses include as a theorem: Triangles are simi- 
lar if the respective sides are proportional. Attention should be 
called to the existence of this theorem to show the difference be- 
tween triangles and polygons, and the better pupils can (with 
a hint) prove it as an exercise. But I do not consider it a funda- 
mental theorem because few (one or two ) exercises are based on 
it, and the few are difficult ones. If we demote this theorem to 
the rank of an exercise, we can raise in rank the following useful 
item: 

Th. 46. Corresponding altitudes of similar triangles are proportional to 
corresponding sides. 

I omit as a theorem the statement about the product of the 
segments of two intersecting chords. This theorem is on Pick- 
ett’s list because it satisfied the criteria that he used. It is a 
good and popular examination question but it has few uses in 
other originals. It can be studied with the theorem about the 
length of an angle bisector (if that theorem is included in the 
course). Likewise, the theorem dealing with two secants has 
few uses and is demoted to an exercise. 


Th. 47. If a tangent and a secant are drawn from one point, the tangent 
is the mean proportional between the secant and its external segment. 

Th. 48. If an altitude is drawn to the hypotenuse of a right triangle, the 
altitude is the mean proportional between the segments of the hypotenuse, 
and either arm is the mean proportional between the hypotenuse and the 
adjacent segment of the hypotenuse. 

Th. 49. The square of the hypotenuse of a right triangle equals the sum 
of the squares of the other two sides. 

Cor. If the sum of the squares of two sides of a triangle equals the square 
of the third side, the angle opposite the third side is a right angle. 


The class may be told of the existence of generalizations of 
the Pythagorean theorem applying to sides opposite obtuse and 
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acute angles (although I doubt the value of such bits of in- 
formation) but time will not permit a study of them. 

Book Three also contains some theorems about similar poly- 
gons. I consider these of minor importance since few exercises 
are based on them; they are good review and drill material. 
The pupil should learn to construct two similar polygons; to 
prove that his construction is correct he must prove that poly- 
gons are similar if they are made of triangles that are respec- 
tively similar and similarly placed. The theorem that similar 
polygons can be divided into pairs of similar triangles is also 
good drill material. If not thus used, it may be treated as an as- 
sumption when needed later to compare areas. 


Book Four 
Th. 50. The angle of a rectangle is... etc. 
Th. 51. The area of a parallelogram is. . . etc. 
Th. 52. The area of a triangle is . . . etc. 
Th. 53. The area of a trapezoid is . . . etc. 


Th. 54. The ratio of the areas of two similar triangles equals the ratio of 
the squares of two corresponding sides. 

Th. 55. The ratio of the areas of two similar polygons equals the ratio 
of the squares of two corresponding sides. 


Considerable emphasis should be placed on Theorem 55 be- 
cause of its many applications in science. The proof is not of 
the type that the pupil will be called on to use in other situations, 
and hence the pupil should not be expected to reproduce it at a 
moment’s notice. The mere fact that the proof is unusual is an 
advantage rather than a disadvantage; at this stage of the game 
we must avoid monotony. 


Th. 56. If similar polygons are drawn on the sides of a right triangle as 
corresponding sides, the polygon on the hypotenuse equals the sum of the 
polygons on the arms. 

Many books omit the above theorem. It is, at this time, a 
more useful generalization of the Pythagorean Theorem than the 
law of cosines. 


Book FIvE 
Th. 57. A circle can be circumscribed about and inscribed in a regular 
polygon. 
Th. 58. If a circle is divided into three or more equal parts, the chords 
.. and the tangents .. . etc. 


The statement that the area of a regular polygon equals half 
the product of its perimeter and its apothem was necessary when 
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the area of a circle was found. Now that this fact is generally 
assumed, the theorem about the regular polygon has lost its im- 
portance. The pupil can find the area of any regular polygon by 
considering it as m times one of its isosceles triangles. 

Th. 59. The circumference of a circle is 2zr. 

ie The ratio of the circumference of two circles equals the ratio of their 
* Th. 60. The area of a circle is mr’. 


Cor. The ratio of the areas of two circles equals the ratio of the squares 
of their radii. 


A list of theorems serves merely to call attention to the rela- 
tive importance of certain kinds of statements. Many items are 
introduced merely as a nucleus around which to gather a group 
of ideas. Many items are introduced to shorten proofs. It is a 
waste of time, for example, not to use Cor. 4 of Th. 9. If time 
were of no importance we could doubtless find fifteen or twenty 
theorems that would solve all the exercises. Literature is full of 
suggestions for improving courses of study; few discuss how 
much time is needed to carry out the program or what other 
items should be displaced. 

In some earlier articles*® I discussed the time allotted to vari- 
ous units in geometry. A comparison of that schedule and my 
present one, based on the new list of theorems, shows that 
twenty fewer days are spent on geometric work. I have therefore 
that much time to spend on the logical reasoning applied to the 
so-called life situations.‘ This schedule does not provide for any 
time for Geometry of Space or analytic geometry. 

Since Pickett’s list is an index of what is needed to pass ex- 
aminations I add the following data to facilitate a comparison. 
The following theorems on Pickett’s list are not on my list: 

A parallelogram is divided into two congruent triangles by a diagonal. 

The area of a regular polygon is half its perimeter times its apothem. 

Triangles are similar if their respective sides are proportional. 

If two chords intersect within a circle the product of the segments of one 
equal the product of the segments of the other. 

A quadrilateral is a parallelogram if the opposite angles are equal. 

If an angle in a right triangle equals 30°, the side opposite it is half the 
hypotenuse. 

The altitude of an equilateral triangle whose side is s is }s v. 


The area of an equilateral triangle whose side is s is }s* \/3. 


aw 


3 Time Allotments in Geometry. ScHOOL ScIENCE AND MaAtuemartics, Feb. and April, 1930 
4 This material, called Exercises in Reasoning, has now been assembled and may be had by sending 
fifty cents to the writer. 
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Pickett has also ranked the theorems according to the fre- 
quency with which they are needed in the examinations that he 
studied. In the order of decreasing frequency, the rank is: 

49, 9, 37, 52, 3, 44, 60, 1, 55, 8, 42, 36, 14. 

Next is the theorem: If an angle in a right triangle is 30°, .. . 
Then follow: 48, 10, 12, 51, Cor. 5 of Th. 9, 28, 59. 

Next is the theorem: The area of an equilateral triangle .. . 

And then follow: 20, 41, Cor. 2 of Th. 9, 11, 40, 
38, 34, Cor. 3 of Th. 37, 4, 23, 21, 47, Cor. 1 of Th. 
S. 53. 

Next: The altitude of an equilateral triangle... and: Tri- 
angles are similar if their respective sides are proportional. And 
then Th. 24. 

The above 39 theorems meet 80% of the needs in the exam- 
inations; to include 90% of the needs, 15 more theorems must 
be added. While this seems to show that few theorems are 
needed it is obvious that although certain theorems would sat- 
isfy a pupil’s needs, an acquaintance with a few more theorems 
might enable the pupil to write shorter proofs and to see rela- 
tions that he might not otherwise see, and thereby make a 
better score. 


SUMMER FIELD TRIP IN BOTANY, STATE 
COLLEGE OF WASHINGTON 


June 30 to August 9, 1941 


The aim of the 1941 expedition will be the study of the boreal mountain, 
plain, and coastal floras of the Pacific Northwest. With an eye to seeing as 
much at first hand as time will allow, the party will leave Pullman on July 
1 and work slowly northward through the rich coniferous forests of north- 
ern Idaho and southern British Columbia. The Canadian Rockies will be 
crossed at either Crowsnest or Vermillion Pass, and the group will continue 
northward across the Great Plains of Alberta. Allowing plenty of time for 
stops, the party should reach the Peace River District during the second 
week out. Here the extensive boreal forests will command attention. 

After an indeterminable stay in this far northern country, the party will 
retrace its steps across the plains region, and re-enter the Rockies for more 
intensive studies. If time permits, studies will be made in the coastal forests 
of the Fraser River District, and the return trip to Pullman will take us 
across the broad expanse of the upper Columbia Basin. 

This trip is routed very largely through undeveloped country. Our pur- 
pose here is twofold. First, this is ecologically and taxonomically a most 
interesting country and, second, it will permit us to camp out almost at 
will, which has the practical advantage of enabling us to hold expenses to 
a minimum. The party will go prepared to sleep out-of-doors the greater 
part of the time, and such daily tasks as setting up tents, preparing meals, 
washing dishes, and changing plant driers will be organized on a coopera- 
tive basis, each student doing his or her share. 








NATURE STUDY AND GEOGRAPHY 


EpNA DRILL 
Cornell University, Ithaca, New York 


Not all teachers share my enthusiasm for games as teaching 
devices, but I feel there is a place for combining fun with work. 
I don’t feel that all learning has to be “‘sugar-coated,”’ but some 
necessary drill work is made more pleasant and no less effective 
by adding the play element. Some may argue that drill work is 
not necessary, but I’m old-fashioned enough to believe that a 
child learns to interpret a map by interpreting maps of various 
kinds, simple as well as complex ones, of home as well as of for- 
eign regions, of near-at-hand as well as of remote sites and of 
homemade as well as of professionally made ones but he must 
have repeated contacts with maps. 

Perhaps our present-day students do understand maps and 
the usage of them, but. I have my doubts. I recall the case of the 
college graduate who had even taught geography in the ele- 
mentary grades but who could never decide by looking at a map 
whether Omaha was east or west of Chicago or whether Wash- 
ington, D. C. was north or south of Philadelphia. I know an- 
other college graduate with a major in geography who under- 
stood maps comparatively well; her only requirement was that 
she be allowed to face north so that her map would be oriented 
for her. I think a real tragedy lies in the story of the college 
freshman who, when asked to fill in the names of the states in a 
blank outline map of the United States didn’t succeed in cor- 
rectly naming a single one—not even his home state. 

Perhaps such fun-provoking maps as a New Yorker’s or Bos- 
tonian’s idea of United States have made their serious contribu- 
tion. They have served to recall to the minds of many of us such 
stories as these. One college graduate was quite surprised that 
her two friends, one from Idaho and one from Nebraska, had not 
known each other before meeting at Cornell. I now know a stu- 
dent from Oregon who is quite annoyed by this question fre- 
quently asked her by other graduate students, ‘Is it Washing- 
ton or Oregon that touches Canada?” 

However, not all westerners are well-trained in place geog- 
raphy if we judge from this true story. When a western woman 
saw the sign, “‘Halfway to the equator,” she startled her friends 
by suggesting, “‘Let’s drive to the equator this afternoon.”’ 
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Perhaps, my own interest in maps dates back to the chagrin 
suffered in an early childhood experience. I had been helping my 
sisters fit the states into the cut-out map of United States so 
I knew something about states. When I was first taken to the 
near-by state of Indiana at the age of six, I made this typical re- 
mark, “‘Oh, I thought it would be a different color.” 

Because we felt that many children are not so well acquainted 
with the map of North America as they should be, and because 
we felt that children enjoy the puzzle idea, Professor E. L. Palm- 
er and I worked out a series of map exercises on mammal dis- 
tribution which was published in the Cornell Rural School Leaf- 
let of September, 1939. If a child carefully follows the directions 
for one particular mammal, he will enclose on a blank outline 
map its range. Thus, he will gain some knowledge of the animal’s 
whereabouts and may be stimulated to study more about the 
animal. In addition to that he will have been forced to use re- 
peatedly the directions, north, south, east, or west, to locate this 
city or that one, to find the source of a river or lake, and so on. 
The work is not easy; he must constantly refer to the maps in an 
atlas or a geography text. 

We feel that any youngster who bothered to follow these di- 
rections would certainly be better prepared to interpret a road 
map, a map of United States if he were planning a circle tour of 
the country, or a map of the war zone. We hope he would have 
derived some pleasure from the puzzle element involved. Of 
course, not all children would be equally interested in the ani- 
mals themselves or in their distribution but some would surely 
enjoy it. The leaflet furnishes one more trick which an enterpris- 
ing teacher can keep up her sleeve for the capable busy-body 
who finishes his work ahead of his fellow-students or for those 
kept indoors at recess by inclement weather. 

But let me hasten on lest you think my sole idea of geography 
is that of place geography. I most emphatically do not believe 
that. I was too well taught by my college professor of geography 
to forget his definition or point of emphasis. ‘‘Geography,”’ he 
said, “is the study of man in relation to his environment.” We, 
as his students, attempted to answer such questions as: 

‘“‘Why do people in the corn belt grow corn?” considering such 
environmental factors as type of soil, length of growing season, 
continental climate with cyclonic storms and frequent thunder 
showers, and hot nights. 

‘Why do people in Maine can corn?” tying it up with shorter 
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growing season and reciting, ‘“‘The higher the latitude the short- 
er the growing season.” 

Sometimes I wonder whether we were studying nature study 
or geography; we were studying the environment of a region and 
its effect on people. 

But do we have to go so far afield to study environments? 
Can’t we profit by studying the environment right at hand—lo- 
cal geography as some designate it? By local geography, I do not 
mean the kind so frequently taught a generation ago, that of 
committing to memory the towns or townships in the county, or 
worse still, the names of the counties in the state. I mean, rather, 
the study of the environment right in our own schoolyards. 

When [ was a youngster, we entirely neglected our little one 
acre plot in which the schoolhouse was situated. We had an open 
ditch that flowed along the front of our schoolyard—a moat we 
called it. Another stream of about the same size joined it right 
in front of the school ground. Did we go out to study the delta 
that was built up there? I’m afraid not; I fear our sole idea of 
a delta was that of a triangular spot on the map at the mouth of 
the Mississippi or Nile. 

Did we investigate to see on which side of the bend in the 
stream the water was deeper? No, but I believe we could have 
seen right there one reason for Cincinnati’s outgrowing the Ken- 
tucky towns across the river which happened to be on the shal- 
low side. Did we notice whether the north or south slope was 
warmer? No, but that might have helped explain why many 
Ohio farmers on the south slopes around Cincinnati grew truck 
vegetables in the spring. Did we decide where it would have 
been wise to have built a canal if we had chosen to transport by 
that method? Maybe, that would have helped us to understand 
why our own county seat never grew to be as large as Piqua, 
Dayton, Troy, Middletown, or Hamilton—all nearby cities 
which happened to be on the Great Miami River, and still more 
important on the Miami-Erie Canal. 

Is that good geography? I think so. Is that good nature study 
—to study our own schoolyard? Certainly. In fact, field trips can 
and should be an integral part of both. 

I’m in favor of map-making that begins at home. While draw- 
ing in the trees on the schoolground, isn’t it just as easy to label 
this one an elm, this one a maple, or this one an oak? Won't a 
child who has made such a map be better able to understand 
more complex maps? 
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Isn’t it fun sometimes to draw a plot and show the nocturnal 
wanderings of a hungry rabbit or the tracks of a foraging squir- 
rel? Which is that—nature study or geography? Furthermore, 
who cares? 

Children are often fascinated with stories of bird migration 
and enjoy plotting summer and winter ranges and migration 
routes. Can they, in such a study, escape a few facts in geog- 
raphy? 

“The higher the latitude the longer the summer day” (geog- 
raphy) in which to hunt food for the young (nature study). 

“The higher the latitude the longer the twilight’ (geography). 
Do birds get up at twilight or wait until broad daylight to begin 
searching for food? (nature study). 

Are any birds active in the land of the mid-night sun at mid- 
night? If a tree sparrow stayed in the Hudson Bay region all 
winter, would it have as long a Christmas Day as if it came down 
to United States? 

Why does Rudyerd Boulton call the Arctic terns “sun-wor- 
shipers?’’ Since they nest above the Arctic Circle and go far into 
the southern hemisphere during our winter, they are for the most 
part in high latitudes or regions of long days (geography). 

How deeply and how early in the school program we should go 
into the proposition of the 234 degree tilting of the earth’s axis, 
the revolution of the earth about the sun with the axis remaining 
in the same plane, and the unequal cutting of the parallels ex- 
cept at the time of the equinoxes, I don’t know. But I am sure 
that youngsters will, from studies of bird migration, glean a few 
ideas that they will not soon forget. 

However, we don’t have to go so far from home to see evi- 
dences of bird geography—of birds in relation to their environ- 
ment. Do birds that stay here all year rise at the same time by 
the clock year in and year out, or do they go by sun time and 
rise earlier in the summer than in winter? Do birds get up at the 
same time on cloudy days as on sunshiny ones? Does the local 
weather affect bird migration? Dr. A. A. Allen of Cornell would 
have a positive answer to the last question for he maintains that 
one of the best mornings in years for birding came in the spring 
of 1940 after a thundershower and sudden drop in temperature 
the preceding night which had delayed birds iv their northern 
migration and caused them to stop over in Ithaca. 

Do birds of a particular region all engage in the same indus- 
try? They are all concerned with finding food, protecting them- 
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selves from their enemies, and reproducing their kind, but 
achieve these ends differently. Those adapted for catching in- 
sects on the wing like the swallows and swifts fly about. The 
woodpeckers with their unusual toe arrangement, strong neck 
muscles, hard chisel-like bills, barbed tongues, and spiny tail 
feathers are adapted for eating insects found under the bark. 
Nuthatches with their well-balanced bodies run both up and 
down tree trunks poking their long slender bills into the crev- 
ices to find food. The tiny chickadees perform their acrobatic 
stunts in combing the smailer limbs. The sparrows with their 
thick beaks feed on the seeds found at the base of the trees. 
Thus, we see that birds, like people, earn their livelihoods in var- 
ious ways. They, too, are limited by their environment. Could a 
woodpecker search for insects under the bark or nest in trees in 
the desert region? 

For a good many years my sole idea of migration was that of 
north-south movement which most of us have to accept on faith 
since we have never actually seen the animals in their northern 
or southern ranges. But can’t we see evidences of migration right 
at our doorsteps? Can’t we see evidences of insects in relation to 
their environment by noting their downward migration in fall 
and their upward movement in spring? 

We don’t have to travel across the continent to find plant as- 
sociations of one type or another. We can find one plant group 
in Our own stagnant ponds and another in the running streams; 
we can find desert associations on our own tree trunks, on school 
house walls, or on brick walks we traverse every day; and we can 
find the intermediate plants almost anywhere. After some local 
investigation, won’t the children be better able to understand 
the Great Plains, the redwood forest belt, or the desert plants? 

I am making a plea—not alone for the geography acquired 
through stamp collections even though I recognize the need for 
some place geography. Political designations change as rulers 
rise and fall but the geography remains. Whether Czechoslo- 
vakia be called that, or Austria-Hungary, or Bohemia or Ger- 
many, or something else, the people will still manufacture glass 
and make fancy beads rather than grow cotton and bananas be- 
cause they are limited by their environment. They will still have 
the raw materials for such manufactures and will still have too 
short a growing season and too low temperatures for cotton and 
bananas. 

I am making a strong plea for the geography that begins at 
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home by the study of our local surroundings and spreads out. I 
favor the geography that encourages observations of materials 
right at hand. Then, geography will closely parallel and even 
overlap nature study which Mrs. Anna Botsford Comstock de- 
scribed as observations and facts which “like beads on a string 
may finally be threaded on the understanding.” 





SCIENCE FAIRS FOR CORRELATION OF 
SUBJECT MATTER 


RONALD L. WHITNEY 
726 Montrose Ave., Kalamazoo, Michigan 


Several cities have had Science Fairs in their schools, but such 
fairs have been as dull and drab as the bone section of a muse- 
um. The indication of its being a fair in some cases is the title 
at the door .. . and most of us think of fairs as a combination 
of gayety and education. Such a fair has been staged for three 
successive and successful years by the author at the Vine 
Junior High School in Kalamazoo, Michigan. 

We hear about the efforts of correlation of subjects. . . Art, 
English, Social Science, Mathematics, and other subjects. That 
was done to some extent at this fair, by the kind cooperation of 
several teachers of those subjects. 

Instead of this fair... and previous ones... being an all 
city project, it was a two class project. Each student or group 
of two students provided a project . . . original or from sugges- 
tions provided by the teacher. Oil Drilling, Oil Refining, Gyp- 
sum Mining, Coal Mining, Salt Mining, Volcanoes, Miniature 
Planetarium, Panning of Gold, and through to a side show and 
an ice cream stand. The last two provided for those people who 
did their best to construct successful projects, only to have them 
fold up. 

Each exhibit had three requirements. (1) A Miniature scene. 
(2) Action in every booth. (3) The exhibitor must become an 
‘authority’ and lecture to visitors... as well as answer ques- 
tions. The miniature scene brought into use such toys as elec- 
tric trains, trucks, mechanical sets, and such materials as were 
needed to build oil derricks, factories, cross-sections of mines. 
The action consisted of moving trains, carts, burning lamps, 
falling water, panning of gold (pyrite), bubbling water, or some- 
thing active. To be recognized as an authority stimulated stu- 
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dents to delve into the mass of text books, clippings, folders, 
technical books and to have conferences with someone who 
might be able to give some facts. 

The signs, labels, and drawings were done under the super- 
vision of the art teacher. Students knew what they wanted to 
paint, draw, or print, and provided their own cardboard. Eng- 
lish instructors assisted with the research, organization, and 
practice of lectures. They saw that the applications of their 
teaching of oral and written English, spelling, and writing were 
fully applied. This was done by students studying and outlining 
what they wanted to include in their talks. These students then 
gave reports without notes, and fellow students quizzed them 
after the reports were completed. That brought up need for 
more study. The speech, an outline of the scene, and a bibli- 
ography was then written in pencil and corrected by the English 
teacher. It was then copied by pen or typewriter and turned 
over to the science department for students planning future 
fairs. 

Whenever a request was made of other teachers, those teach- 
ers were supplied with detailed information as to what was de- 
sired and were provided with all the reference materials needed. 
The science period was then devoted to construction. consulta- 
tion, exchange of ideas and equipment. One section of the 
black-board was used for ‘‘want-ads.”’ A response from students 
in other classes was the result, although that had not been the 
original intention. 

In sponsoring this project, it was found that although the two 
classes contributing were of similar ability, the section which 
had plans and discussions twice as long as the other did not 
produce work of sufficiently higher quality to warrant the extra 
time spent. The entire program should be well organized; not 
more than two weeks should be allowed to stage the perform- 
ance. In so far as possible the teacher might list essential prop- 
erties needed, sources of information, as well as topics. Our class 
next year will have 300 feet of 16 mm. titled pictures to help 
motivate and guide them—one of those places where teachers 
salaries go. 

Science Fairs are headaches, to be sure, but the satisfaction is 
worth the price. Correlation cannot begin as a continuous thing. 
but your science department can introduce one example of cor- 
relation where all students are called upon to apply what they 
have learned in most subjects. 
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THE PRINCIPLES OF PHYSICS—A CRITICISM 


H. M. StockDER 
Milwaukee Vocational School, Milwaukee, Wisconsin 


A low correlation exists between the accepted position of the 
major generalizations of physics in the subject matter of the 
course and the position they attain in the outcomes of teaching. 
The aims of teaching science, the text book writers, and con- 
structive critics concur in the belief that the student should 
achieve the functional understanding of the major generaliza- 
tions of the science. Research workers, investigators, and test- 
ing agencies find that students are unable to generalize and that 
they exhibit equal inability to specify from generalizations. Gen- 
erally, the findings of this nature are the bases for suggestions of 
remedial nature relating to methods of instruction. The ques- 
tion is raised as to how near the core of the problem these sug- 
gestions are directed. 

The teaching situation involved is somewhat analogous to a 
problem presented by Bohr atoms of more or less complex types. 
The nucleus of one of these is the student. About him are his 
interests, his environment, and the materials of instruction. 
Near this atom is placed another atom whose nucleus is the 
principle or generalization. It is surrounded with its formula, 
and is enclosed in a more or less resisting shell. These are sub- 
jected to a bombardment of high velocity phenomena, problems, 
experiments, and applications in order to make the first atom 
attain mastery over the second. The investigations have almost 
entirely dealt with the failure of the experiments to produce the 
desired results, and rarely with positive cases. This may be a 
vulnerable point. They have also been limited largely to investi- 
gating the bombarding particles. 

The purpose of presenting this analogy is to suggest a phase 
of the problem which, though deemed to be significant, has been 
neglected in studies which have been made. It deals directly 
with the principle over which the student is expected to attain 
mastery. It concerns itself with the characteristics of that prin- 
ciple as one of a group, and the relationships which exist between 
the student and the principle. It is felt that instructors and 
experts in the field place an entirely different construction upon 
the application and utilization of the principle than that which 
the student is able to attain. Differences in viewpoint, which 
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alter the perspective, might easily result in such failure to meet 
on common ground. 

On the whole, students of high school physics are unaware of 
the principles of which they are to achieve a functional under- 
standing. They see, and are more or less interested in the phe- 
nomena of their environment. A few have an innate curiosity 
about the why’s and wherefore’s of actions, appearances, changes, 
or occurrences with which they come in contact. A capable in- 
structor may arouse sufficient interest on the part of a few to 
investigate certain phenomena and to draw conclusions from 
such investigation. Students are not, however, conditioned to 
investigate phenomena, to correlate them, and to draw generali- 
zations from the assembled data. 

A student considers a phenomenon subjectively. If an action, 
appearance, change, or occurrence has attracted his attention, 
some part of the happening was a stimulus. The need he feels 
for investigating the happening in order to determine the prin- 
ciple of the thing depends upon the satisfaction which such ac- 
tion is expected to bring. Phenomena have a habit of repeating 
themselves under varying conditions whether their fundamental 
principles are understood or not. The element of satisfaction in 
the situation is connected to the principle. This places emphasis 
upon the student’s conception of the principle itself. 

This concept is very definite. First of all, the principle is a 
satisfying explanation of an interesting and perhaps mystifying 
happening. It is on the level of the phenomena with which it is 
associated, and it may possibly lead to the understanding of 
similar phenomena as important as the first. In that sense, it 
does not retrogress. The feeling which it leaves is one of rounded- 
out completeness, devoid of any unstable situations. It is, sec- 
ondly, an enlightening explanation. To comprehend it will 
enable the student to cope successfully with experiences beyond 
the level of the first and to progress in an interesting field. 
Finally, it is a stimulating explanation. A feeling of exultation 
results from the discovery or the mastery of the principle, which 
may be accompanied by a desire to investigate other phenomena 
of the environment as wellas to predict undiscovered phenomena. 

The close relationship between principle and phenomenon 
which this concept indicates is not supported by the expert and 
instructor concept. The latter tends to separate the two and 
make difficult any attempts to establish close relationship. The 
custom of designating principles by significant names renders 
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one logical connecting link valueless. The historical implications 
of the names Archimedes, Huygens, Ohm, and Pascal, are al- 
most equal to the mathematical implications of the designated 
law of inverse squares; neither group, however, offers any plausi- 
ble connection between phenomenon and principle. The investi- 
gation of the statements of principles reveals similar trends. One 
finds that they deal with a body, an object, a mass, a substance, 
solid, or medium. Whatever action, change, appearance, or oc- 
currence takes place, varies with, increases as, depends upon, 
may be, or can happen in relation to some other situation. 

After all, what was, and perhaps still is, the construction 
placed upon the principle and its utilization? Objects were 
buoyed up by the weight of the liquid which they displaced long 
before Archimedes deduced the principle. Necessity prodded the 
philosopher in drawing the generalization; the first and immedi- 
ate use made of the principle was to support a specification 
which, in turn was presented to a highly suspicious royal stu- 
dent. One wonders just what there was about that teaching 
situation that enabled him to understand the principle of the 
thing. In itself, the principle was perhaps just a stepping stone; 
the specification was largely the end in view. The necessity for 
finding new and ingenious methods for making determinations 
as well as the necessity for explaining conditions or situations 
so that they would fit into the scheme of things, it is to be found 
closely related to the drawing of many generalizations. These 
specifications which were subsequently made, as well as others 
following, have since become supporting phenomena of the prin- 
ciples as now stated. At the present time, there is some confu- 
sion resulting from the interchangeable nature of the phenome- 
non-specification. 

In this respect, the functional understanding of the major 
generalizations as an aim of teaching science needs to be clari- 
fied. If students are expected to be able to work with principles, 
they must be able to distinguish between phenomena and spec- 
ifications. The securing of such distinction will be of consider- 
able support toward inculcating associated scientific attitudes 
which is the second aim of teaching science. It is possible, that 
the clarification of the aims will result in a restatement of the 
principles of physics so that they will be more in line with the 
student’s concept. It is, after all, necessary for the student and 
instructor to meet on common ground in order to be able to 
explain the principle of the thing. 











THE PRESENT BIOLOGY PROGRAM AND ITS 
RELATION TO ADOLESCENT NEEDS 


VEVA McATEE 
The George Rogers Clark School, Hammend, Indiana 


Biology is the study of life and as such it should present the 
facts of life. We have been very careful to do this when consid- 
ering plants and lower animals but have not included for various 
reasons (the home, church, and social standards of the commun- 
ity) these facts as they are related to man. Yet, the adolescent 
is concerned and anxious to know the truth about things con- 
cerning his health, his personal, social, and economic problems 
which in turn can aid him in establishing a correct philosophy 
of life. 

This was revealed by a questionnaire given to 400 biology 
students in a mid-western high school located in a typical indus- 
trial center. 

The students considered were primarily sophomores but a few 
freshmen, juniors, and seniors were included. They were of av- 
erage intelligence, and most of them came from fairly comfort- 
able homes. 

The student body differed somewhat from that of most high 
schools in that it was divided into two major groups, one made 
up of a strong foreign element representing Czechs, Slovaks, 
Russians, Poles, and Roumanians, with little scientific back- 
ground, and the other consisting of young people reared in 
typical American homes where both parents in many instances 
had even enjoyed a college education. 

Sex education has not been a part of the biology course of- 
fered in this high school, although an earnest endeavor was 
made to center the course around the needs of the individual. 
Stress was placed on conservation, inter-relationships of living 
things, genetics, problem solving, and practical applications. 
There has been for several years an active biology club which 
was organized for the purpose of continuing interests in biology 
beyond the classroom in the form of field trips, round-table dis- 
cussions, experimentation, reading, and bringing in outside 
speakers to present topics of special interests. It was through 
the sponsorship of this biology club that a Doctor X from the 
Illinois Health Clinic in Chicago was brought to the school to 
give a talk on ‘‘Adolescent Problems.” She had recently spoken 
before the P.T.A. on ‘Sex Education” and some of the students, 
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through the recommendation of their parents, had made the 
suggestion that she be asked to talk before the student body. 

This seemed an excellent opportunity to introduce some sex 
education. Doctor X was a person well qualified to cope with 
the problems of adolescence. She was not only a physician but a 
married woman with two grown sons, years of experience in the 
clinics of Chicago, an outstanding personality, and an artist in 
handling the problems of boys and girls. In preparation for her 
lecture Doctor X asked that the students come prepared with 
questions. She promised to discuss topics about which they 
would like to have more information. 

In presenting this to the biology classes, it was pointed out 
that here would be a real opportunity for them to ask questions 
which they might feel free to ask any doctor. Perhaps there 
were some questions which had come up during the course on 
the subject of sex, heredity, or personal hygiene which they 
might now like answered. These questions would be treated 
with confidence and regarded with respect and understanding. 
Part of the class period was devoted to the writing of such ques- 
tions on blank sheets of paper provided for this purpose. No 
names were to be signed, and although the instructor was pres- 
ent, no one supervised their writing. 

Doctor X spent the entire day in the school. In the morning 
she talked for one period (50 minutes) to the entire student body 
on “General Problems of Adolescence.’”’ In the afternoon, she 
talked to the biology students only, with the boys and girls in 
separate groups. One hour was spent with each group taking the 
questions as they came and giving a frank discussion of each. 
Of course, all the questions could not be answered in the course 
of this session, but the way was paved for a continuation of the 
discussion in the biology classes the next day. Even though 
there were mixed groups of boys and girls, the ‘tice was broken” 
and there was no embarassment either in asking further ques- 
tions or discussing those which had been asked on the papers 
previously handed in . 

The following questionnaire was passed out to each student to 
obtain information on the honest reaction of the student group 
to the experiment. No names were to be signed so that all might 
feel free to state their unbiased opinion. 


1. Do you feel that such a discussion of adolescent problems 
was necessary? If so, why? If not, why not? 
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2. If you were a parent, would you discuss such matters with 
your children? If so, why? If not, why not? 


Results of the questionnaire were as follows: 


Question No. 1 
Yes, (394) because parents won’t tell you; one needs to 
know about it to talk intelligently. There is need to get the 
right idea about such matters before the wrong ones are 
learned. 
No, (6) because parents will tell you; the biology teacher 
will tell you; it might be embarrassing. 


Question No. 2 
Yes, (250) because I would want them to feel that they can 
trust me, and I want them to get it straight. 
No, (150) because it is better for the biology teacher to 
tell it. 

It is rather generally known that most parents do not discuss 
sex problems with their children. It is something of which we 
talk only in hushed tones. and too frequently considered some- 
thing of which to be ashamed. When the parents of this same 
student body at the next P.T.A. were faced with the issue of 
why they did not discuss these matters with their children, their 
answers were: 


1. Afraid to tell the truth. 
2. Lacked the proper scientific information and knowledge of 
terms with which to discuss such matters. 


Most teachers are either not qualified or lack the moral cour- 
age to discuss these problems with their students. Some are 
willing to admit their inability to meet the situation, while 
others excuse their negligence by saying that they are not sure 
of the attitude the parent will take on such matters, or that 
some of the group do not have the proper background for under- 
standing. 

It appears as if the parent-teacher situation in the school in 
question here will be taken care of by the students, themselves. 
It was suggested by the group, as an outgrowth of the visit of 
Doctor X, that a round-table discussion group be formed for 
further consideration of adolescent problems. This forum group 
has planned to extend its activities by forming a local Social 
Hygiene group as a branch of the national organization by that 
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name. The forum in this local group will be conducted by any 
student, teacher, or parent who wishes to assume the leadership 
for any particular issue. Doctors, nurses, social workers of the 
community, or any other local leaders will be invited to join 
the group upon various occasions as an added stimulus. How- 
ever, this latter plan has not been fully worked out and addi- 
tional deliberation will be necessary to determine whether or not 
it will be a wise procedure. 


A FORUM ON ADOLESCENT PROBLEMS 
FOR AN ASSEMBLY PROGRAM 

In order to vary the procedure at the annual visit by Dr. X and to foster 
the co-operation of parents in a program on adolescent problems, an as- 
sembly activity was planned for the entire student body of the senior high 
school and the members of the P.T.A. It was a forum or panel discussion 
of adolescent problems with the following members represented on the 
panel: a parent (father of one of the student body), the local P.T.A. presi- 
dent (mother of one of the student body), a local doctor (also a member 
of the school board), two members of the student body (one sophomore 
boy and one junior girl), and Doctor X. 

The discussion of the questions was not rehearsed, but each member had 
been given their questions in advance so that they might give sufficient 
consideration before the meeting. The questions were as follows: 

Parent 

1. Do your believe that adolescents today are facing many of the same 
problems that you faced in adolescence or are their problems differ- 
ent? 

2. As you see it now, what would have helped you most in the solution 
of your problems of this age? 

P.T.A. president 

1. Do you feel that the home is doing its share in dealing with adoles- 
cent problems? 

2. Do the feel that adolescent problems should be a part of the edu- 
cational program? Why? 

School nurse— 

1. Do you feel that more information on adolescent problems would 
be a good thing from the health standpoint? Can you give examples? 

Girl student— 

1. They say that experience is the best teacher. Do you think this is 
true or do you believe it would be better to take advice from some- 
one who knows the truth? 

2. Do you prefer to discuss your problems with those of your own age 
or older people? Why? 

Boy student— 

1. Many older people feel that the younger generation is too resentful 
of their advice. Do you know any reason why this might be true? 


2. Do you think that there might be any possibility of young people 
carrying their idea of independence torfar even for their own good? 
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The local doctor— 

1. Do you think that young people need consultation on social diffi- 
culties as well as health problems? 

2. Do you believe that this should be the responsibility of the family 
physician, parent, or teacher? Why? 

3. Do you believe that there is much physical disturbance because of 
mental disturbance in adolescence? 

4. Could you name some health problems which are typically adoles- 
cent? 

Doctor X— 

1. As you see it from your work with them in the clinic, what are the 
facts which you feel young people should know? (Doctor X was 
also asked to comment further on any of the questions which had 
been presented by the panel if she cared to do so or if she felt that 
they deserved further discussion.) 


The undivided attention of each member of the student body, 
the enthusiastic comments and letters of appreciation from 
many of the parents present was proof enough that the assem- 
bly program had been a real success. 


A more complete report of this project on adolescent problems may be 
obtained from the Bureau of Educational Research in Science, Teachers 
College, Columbia University. 


EDUCATION AND DEFENSE 


The established purposes of education in our democracy are sound. It is 
in the realization of these purposes that we at times leave much to be de- 
sired. As a profession we are too inclined to be contentious and argumenta- 
tive over our pet theories. We rejoice in the finding of new terms for the 
statement of old truths, to become confused in an everchanging jargon of 
new terms. Our task today is to get down to simplicities. Our objectives 
can be increasingly realized. Let us put our efforts, therefore, today in the 
doing process, in finding better ways of attaining our objectives. Let us put 
forth stronger efforts (1) to bring the maximum of self-realization to every 
child, (2) to develop a more deeply appreciative and effectively performing 
citizenship, (3) to secure a greatly increased economic efficiency for every 
citizen, and (4) to make possible the attainment on the part of future citi- 
zens of ever higher levels of social understanding and concern for human 
welfare. 

The great contribution, then, of public education to national defense is 
the contribution it shall make to the development of rugged, energetic, 
virile youths, prepared for work and capable of working hard and steadily, 
possessed of civic understanding and abiding loyalties, capable of apprais- 
ing intelligently the leadership to be followed, straightforward and scornful 
of subterfuge, socially and economically literate according to American 
standards, courageous and worthy of freedom. It is in this way that we 
shall finally build a strong America. 

CLAUDE V. COURTER 
Superintendent of Schools 


Bulletin of the Cincinnati Teachers Association 
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THE LAW \V/av\/b=1/ab HOLDS FOR 
ALL NUMBERS 


LuIsE LANGE 
Wilson Junior College, Chicago, Illinois 
Said the Red Queen: “ ... Sometimes in winter we take as many as 
five nights together—for warmth, you know.” 
“Are five nights warmer than one night?” Alice ventured to ask. 
“Five times as warm, of course.” 
“But they could be five times as cold, by the same rule—.” 
“Just so!” cried the Red Queen, “Five times as warm and five times as 


cold.” 
Alice in Wonderland 


In a recent issue of this journal’ objections were raised to the 
customary treatment in Algebra texts of the law V/a-V/b= 
V/a:b. According to this “textbook procedure’’—in which the 
radical is regarded as representing the positive root only—the 
law is said to hold when a and b are both positive, also when one 
of them is negative, but to fail when both are negative. In con- 
trast to this it was pointed out that the above law is half true 
and half false for all numbers, positive and negative alike; be- 
cause, in as much as the indicated square roots are truly two- 
valued, of the eight statements implied by the formula + | /a| - 
+|/b| = ++/a-b| four are true and four are false for positive 
as well as for negative numbers. 

The following is to show that, treated in the field of complex 
numbers—among which the real numbers are contained as a 
sub-class—the above law holds throughout without exception and 
without contradiction, and that the difficulties in question arise 
only when in a treatment limited to real numbers the fullness of 
the meaning of the operations involved is disregarded. 

Before entering into this discussion, however, we first wish to 
point out that the law of the multiplication of square roots holds 
always for absolute numbers, that is, for unsigned, undirected 
numbers. If namely r be such an absolute number, 4/r desig- 
nates the unique absolute number whose square equals r. Hence 
the statement 4/7: /r2=+/1n1-r2 is true, since both sides indi- 
cate the same unique absolute number whose square equals 
1°12. 

(These absolute values of the roots, it should be noticed, are 
by no means identical with the positive roots. E.g., the absolute 
value of \/—1 is 1,while the positive root is +7. For the-absolute 


1M. A. Sadowski, Does the law ¥a- ¥b= Va-b hold for imaginary numbers? Does it hold at all? 
SCHOOL SCIENCE AND MATHEMATICS, February 1941, p. 128. 
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value, however, the statement | \/—1| -|/—1| =|./—1-—1| 
is true indeed, since 1-1=1.) 

We next turn to directed, complex numbers. For purposes of 
multiplication, division, involution and evolution complex num- 
bers are best represented in the polar form z=a+7b=r(cos 6+ 
i sin 6) where r is the absolute value or modulus of the number z, 
r=|z| =| +/a?+0?! and @, variously called the argument or am- 
plitude of the number, is the angle which the vector z forms with 
the positive real axis. This amplitude, however, is multivalued, 


Z=at+lbh 


a 


imaginary axis 








a real axis 





since any integral multiple of 27 added to the smallest positive 
value ¢ of the amplitude, represents the same number z=a+70; 
that is,@=+ k- 2x (where & is any integer.)* A real positive num- 
ber +a thus has the modulus r=a and the amplitude 9= 
0+-22;a real negative number —a has the same modulus r=a, 
and the amplitude @=2+ - 27; positive and negative imaginary 
numbers +7) and —72b have the modulus r=6 and the ampli- 
tudes r/2+k-2m and 37/2+k- 27 respectively. 

Now, according to De Moivre’s well-known theorem, a com- 
plex number is raised to an mth power by raising the modulus to 
the mth power and multiplying the amplitude by ”; and an mth 
root of a number is found by taking the nth root of the modulus 
and dividing the amplitude by n. 








2 These multiples of 2x, which are algebraically of greatest significance, are geometrically indis- 
cernible if one regards the continued rotation of the number-vector by full angles as taking place in 
the number-plane. They can, however, be endowed also with geometrical significance if one conceives 
of the continued rotation as more of the nature of a helix-motion (with infinitely small pitch), whereby 
the number-point spirals with each full turnintoa new leaf of a ‘‘Riemann surface’ twisting itself around 
the zero-point. From this point of view any one number is represented by infinitely many points lying 
above one another one in each of the infinitely many Riemann leaves. 
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For example, for »/+1 we have »=1 and 0=(0+-27)/2= 
0+-72; that is, because of the multiples of z in the amplitude we 
obtain two distinct roots, +1 for zero and even values of k, and 
— 1 for odd values of k. 

Similarly for 4/—1 we have r=1, and 0=(x+k-2n)/2= 
7/2+k-x; that is, again two distinct roots, +7 for zero and even 
values of k, and —i for odd values of k. 


V+ =+1 V1 -+*( 
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Let us next inquire into the roots from products of signed num- 
bers, such as \/(+1)? and \/(—1)%. The modulus for both is 
again r=1. The amplitude for \/(+1)? is 0=2(0+k-2r)/2= 
0+. 2x; that is, because of the multiples of the full angle 27 in 
the amplitude we obtain this time only one root for all values of k 
V(+1)?=+1, (not +1). 

For \/(—1)? the amplitude is 6=2(7+k-2r)/2=a+k-2r. 
Hence again for all values of k we obtain one root only, \/(—1)? 
= —1, (not +1). 
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By exactly the same reasoning we find more generally that the 
square root of the square of any number—complex or real, posi- 
tive or negative ,—has only one value, namely the original num- 
ber itself: 4/z2=z only. (Still more generally that %”z=2 
only.) It should be noticed, however, that this result is not due 
to any arbitrary “definition” restricting the meaning of the rad- 
ical to a particular root, but simply to the fact that any ampli- 
tude ¢+-2m remains unchanged if first multiplied by m and 
next divided by n. 

These results bring out the fact,—usually not recognized— 
that products of directed numbers like (+1)? and (—1),? while 
“equal to +1” are yet not altogether equivalent to +1. While 
namely the number +1 has an amplitude @=0+& - 27, the num- 
bers (+1)? and (—1)? have amplitudes 0+ 2k-2m7 and (2k+1)- 
2m respectively ;? 

These different kinds of numbers +1, ‘“‘number-isotopes”’ one 
might call them in analogy to chemical isotopes, are indistin- 
guishable in all operations except in the extraction of roots where 
they give rise to different sets of roots. For instance, by continu- 
ing the above examples :* 


V+i=+1 V¥-1=ti 
V/(+1)?=+1 J/(—1)?=-1 
V/(+1)3= +1 /(—-1)3= Fi 
V(+1)=+4+1 V(—1)'=41 etc. 


These results at once lose all strangeness if the radicals are 
written as exponents; for the resulting exponent then gives di- 
rectly the multiplier of the amplitude ¢=k - 27 of the base: 


(+1)'?=+1 (—1)'2?=+7 
(+1)??=(+1)'=+1 (—1)??=(—1)'=—-1 
(+1)??=+1 (—1)32= Fi 
(+1)*7=(+1)?=+1 (—1)#2=(—1)?=+1. 


Now, if all these distinctions are properly made the law of the 


3 To use our geometric terminology, while the points representing the number +1 lie in the succes 
sive Riemann leaves, the points representing ( +1)? lie only in every second leaf, namely those of zero 
and even order, and the points for (—1)? lie only in leaves of odd order. 

4 In these examples the modulus is, for the sake of simplicity, taken as unity. The reasoning holds 


just as well for any other modulus. It can, of course, be used equally well for roots of higher order 
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multiplication of square roots holds indeed for all numbers. E.g. 
for a real positive number +a we have, in accordance with the 
above result \/+a-+a=+a(not +a). Also \/+a= + /a, where 
the positive sign belongs to zero and even values of k; and the 
negative sign, to odd values of k. For any given k, therefore, 
\/ +a is positive in both factors, or negative in both factors; that 


1S 


either /+a-. t+a=4+y a-+\/a=+a 


or Vta-Vta=—-Va--—-Va=+2. 


Hence the law \/+a-\/+a=1/+a-+a holds without excep- 
tion (contrary to Dr. Sadowski’s contention). 

Similarly for real negative numbers —a we have \/—a- —a= 
—a (not +a). Also \/—a= +i,/a, where the positive sign be- 
longs to zero and even values of k, and the negative sign to odd 
values of &. For any given k, therefore, ,/—a is positively imag- 
inary in both factors, or negatively imaginary in both factors; 
that is 


either Vay —a=t+iva-t+ivVa=—-a 


or Vay -—a=—iVa-—-iV/a=—a. 


Hence the law \/—a-\/—a=1/—a:-—a holds without ex- 
ception (contrary to both Dr. Sadowski’s and the “textbook” 
contention. 

The reasoning remains exactly the same if the radicands in the 
product are unequal, or if they are complex rather than real, 
provided only the same value of & (e.g. k=0) is used for both. 

The question of the validity of the law of the multiplication of 
square roots thus appears to resolve itself very satisfactorily into 
the following two statements: The law holds without exception, 
for the absolute values of the roots (not to be confused, how- 
ever, with the positive roots). The law holds without exception 
for signed or directed numbers if the amplitudes of the numbers 
are consistently accounted for in all the operations involved. 

In conclusion, be it said that the whole argument has been 
made, not so much with a view to the question of presenting the 
subject in textbook or classroom, but from a desire to see the 
blemish of inconsistency removed from the faultless perfection 
of mathematica] law. 








A METHOD OF DIRECTING AND 
UTILIZING PROJECT WORK 


LEE R. YOTHERS 
Rahway High School, Rahway, New Jersey 


Secondary and junior high school students, who are enrolled 
in a science course, are usually given an opportunity to plan and 
carry to a conclusion, the construction of one or more projects 
during the school year. That this activity is a popular one, for 
both student and teacher, is indicated by the numerous maga- 
zine articles which are written on this subject; and of greater 
significance, the increasing occurrence and emphasis placed on 
student projects, exhibited at Science Fairs and various science 
educational conferences for young people. This attitude is jus- 
tified. Probably, no other phase of a science course offers quite 
the opportunity and privilege to students for self-planning, par- 
ticipating and expressing practical applications of the scientific 
knowledge and procedures which they have acquired about or 
from their environment. 

Before teachers, however, incorporate this type of activity 
into the scientific training of youth, they should have in mind a 
clear and detailed comprehension of this procedure. An enriched 
background for organizing, evaluating and utilizing projects will 
be gained if a nebulous survey is made of the funamental prob- 
lems which are commonly encountered in this work. 

In this connection, one of the first important phases to be con- 
sidered is,“‘What objective is sought?” Several objectives may be 
stated and briefly examined; namely, 

1. One may require projects as busy work. 

2. Students may be encouraged to construct projects for the 

purpose of developing laboratory equipment. 

3. One may present this work from the viewpoint of develop- 

ing and fostering a definite and wholesome interest in an 
actual interpretation of scientific principles and processes. 


The first named objective requires little elaboration, for it is 
so contradictory to any acceptable modern theory of education 
that it deserves only remarks of condemnation. Perhaps, such 
instances are rare. One does, unfortunately, occasionally meet 
this condition. One example will be cited. Last year a transfer 
student enrolled for my biology course late in March. A ques- 
tion, which he subsequently asked was, “Are projects required?” 
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Following the ensuing discussion three facts were evident. They 
are (1) In the school which he had recently attended, biology 
pupils were required to do one project each school month or ten 
during the school year, (2) the teacher gave little assistance dur- 
ing preparation and likewise, did not put the projects to a useful 
purpose when they were submitted, and (3) the boy thoroughly 
disliked this type of work. Can one blame him? Neither the ob- 
jective desired nor the results obtained justified such an assign- 
ment. 

The second objective is far less objectionable. If, however, the 
construction of laboratory apparatus or the gathering and nam- 
ing of plants and animals is the end sought, with no other mo- 
tivating influence, the project idea is not fullfilling the purpose 
for which it is intended. Under such circumstances pupils do not 
actually carry the solution of their problem to a conclusion and, 
accordingly, they receive only one half of the potential value. 
The meaning of this idea may be made clearer through the fol- 
lowing parallel situations: Could one imagine a bacteriologist 
growing bateria in a broth or on a culture media which he had 
prepared, but never studying the resulting bacteria or the col- 
onies? A skilied and highly trained surgeon does not discard the 
tumor which he has removed from his patient. Rather, it is pre- 
served for frequent and thorough study. 

The third above named objective should be the controlling 
factor for setting this part of the course. The project method 
should be used as a means to stimulate students into fruitful 
approaches to their scientific training. They should also be 
aware that the results obtained will be of greatest value to them- 
selves if they acquire a prodigious amount of information and 
understanding about the problem which they have undertaken 
for solution. 


THE TEACHER’S PART 


If this enterprise is to accomplish its purpose with students, 
the teacher cannot dominate their thinking and activities. On 
the other hand, it would be equally unwise for the teacher to 
completely deny the benefit of his broader training and experi- 
ence. While the instructor’s influence should permeate the pu- 
pil’s thinking to a certain degree, the pervasiveness, however, 
should be through suggestions rather than precept. Following is 
a list of ways, among other similar ones, in which teacher as- 
sistance may be given to pupils: 
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Prepare a wide selection of problems suitable for conver- 
sion into projects. Students may select from this source or, 
if they desire, follow their own ideas and interest. 

Aid pupils to select a problem within their ability level. 
Provide, through the school, material which is expensive. 
Hold conferences with students to learn of their progress 
and make suggestions when necessary. 

Maintain an optimistic and cheerful anticipation toward 
students and their work. 


UTILIZATION OF PROJECTS 


It is axiomatic that students realize the full value of their 
project. This factor is the dominant element in what is accom- 
plished. Primarily, the project should be a component of the 
science learning process. Apart from this important function, it 
is, in addition, a source of encouragement to young people when 
they see the product of their effort utilized in a purposeful and 
constructive manner. Consistent with this premise it is sug- 
gested, therefore, that the program be put on a broad basis. The 
list which follows are the more important ways the author has 
utilized the projects his students have constructed. 


1. 


~ 


Each year the science department presents a science as- 
sembly program to the faculty and student body. Time is 
allotted, on this occasion, for a demonstration or a descrip- 
tion of outstanding accomplishment. 

Individuals or a group participate in Student Science Fairs. 
Projects are used to demonstrate various phases of the 
regular class work. Students are referred to them when 
there is a suitable occasion. 

Show case displays are prepared for the school corridors. 
Exhibits are prepared for display in local store windows. 
Student projects have been exhibited at educational con- 
ferences, universities, the state museum, and the Marine 
Biological Laboratory at Woods Hole, Massachusetts. 
Another feature of this work has been the exchange visits 
with students from various classes. Individuals who have 
demonstrated unusual abilities are invited to present a dem- 
onstration before a class or club. This exchange of ideas is 
a valuable one. 


STUDENT DIRECTIONS 


It is impossible to fully and intelligently issue directions, by 
means of a mimeograph paper, which will acquaint students 





— ~~ 











PROJECT WORK 465 


with all the facts they must know about projects, nor would 
that method of approach be a desirable one. There are many 
features which the teacher will desire to discuss verbally with 
students in the classroom. If discussions are omitted in the class- 
room, full value and comprehension of the work is not obtained 
by students. Certain aspects, however, may be drafted on paper 
and individual copies issued. They serve as a key for frequent 
study, thus, reducing to a minimum, a haphazard fashion when 
students are planning their project. The directions outlined 
below are, therefore, suggestions to pupils on methods of pro- 
cedure. 


1. Select several feasible problems which appeal to your 
interest. Carefully study each problem to determine pos- 
sibilities for a good project. Finally, select the one which 
interests you most and, in addition, has the greatest prob- 
ability of being carried to a successful conclusion by you. 

2. Study the problem, which you have selected, from every 
possible phase. This will enable you to plan exactly how 
you may proceed with your activity. 

. Decide which material and tools you will need for this 
work. You may be interested in working with one or more 
of the following materials; namely, wood, papier-maché, 
cloth, plaster of Paris, glass, paint or metal. 

4. Assemble all the material and the tools you will need. 

5. When your plans are completed, arrange an appointment 
with your teacher in order that you may secure both his 
advice and assistance. 

6. Planning expensive projects is usually not encouraged. 

7. Plan your project and begin work on it well in advance 
of the date when it must be submitted. You will penalize 
your own ability and skill if you do hasty or careless work. 

8. Completely and accurately label all important parts. 
9. Come to class prepared to display and discuss your proj- 
ect. 

10. Keep in mind the date when the project must be com- 

pleted and submitted. 

11. If, after you have made a careful study, you are unable 

to decide which problem to select for a project consult 
your instructor. 


w 


STUDENT REACTION TO PROJECT 


J 


obtain a symposium of student opinions relative to proj- 
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ects, the author, organized a brief questionnaire, which was 
submitted to his students following the completion of their proj- 
ects. The questionnaire was organized in a manner which in- 
cluded their reactions from both the positive and negative 
viewpoints. The information which follows was derived from 
that source. First, considered from the positive phase, an analy- 
sis of this data reveals the following: 


:. 


wm 


~I 


a 


11. 


12. 


13. 
14. 


Project work presents a good opportunity for students to 
demonstrate outstanding ability or skill which ordinarily 
would not be revealed to the teacher or fellow students. 
This activity makes it possible for students to have new 
experiences. 

Students may put their thoughts into concrete form. 
This work, if properly carried out, encourages one to 
think. 

Careful and patient planning is a necessary feature of 
this work. 

This is the only phase of the science curriculum which the 
student may completely design. 

There is an opportunity to improve one’s class grade 
through project work. 

Leisure time may be profitably occupied. 

Certain types of projects aid in developing handi-craft. 
The responsibility of the project rests with the student, 
thus, developing self-confidence. 

The best projects may be used to favorably advertise the 
science department and, in addition, the school. 

Projects may be the means of bringing parents and their 
children into closer companionship. 

Develops pride for worthy achievement. 

One of the best methods for developing an understanding 
of scientific methods to approach problem solving. 
Projects are interesting. 

It is fun to construct a project. 

Projects may develop an interest which leads to a life 
vocation. 


. A hobby may be developed as a result of projects. 


Teaches desirable qualities; for example, neatness, origi- 
nality, thoroughness and accuracy. 

Equalizes mechanical skill with abstract ability. 

Adds variation to class work. 

Directs student interest into a field which they otherwise 
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would not have investigated. 
Enables students to determine how much “initiative” 
and ‘‘push” they have. 


On the negative side, the students indicated what they con- 
sidered undesirable features of this work, as follows: 


1. 


wn 


6. 


~ 


10. 


11. 


13. 


Students of unequal ability and skill are not on equal 
levels. 


. All students do not have an equal amount of time at their 


disposal. Sickness in the home, after school or evening 
employment may place a premium on some students’ 
available time. 

Students of unequal ability or skill may put the same 
amount of time and effort into a project, but obtain 
different results—hence receive a different grade. 


. Since considerable time, study, and effort are required to 


construct a really good project, this may interfere with 
regular studies or necessary employment. 


. Girls generally are less scientific minded than boys. This 


places girls at a disadvantage with boys. 
A girl’s skill in using tools is not on an equal basis with 
that of a boy. 


. Frequently, an expense may be involved if one’s ideas are 


put into action. The student may not be able to assume 
this expense. 

A student may delay constructing the project until the 
last moment. Usually, when this occurs, the final results 
are worthless. Under such circumstances, the project does 
not accomplish its purpose. 


. It is difficult for the teacher to actually know whether a 


poor project is due to indifference, little effort, or limited 
ability. 

It may be impossible for a student to accumulate the 
material which is necessary to complete his idea. 
Students who are without the proper tools may have to 
work under a handicap. 


. The teacher has no way of knowing the exact amount of 


time and effort which a student puts into his work. 
Cheating and dishonesty may enter into this type of 
work. Students, sometimes, fail to do their own work, but 
submit a project which they may have borrowed or had 
another person construct for them. 
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14. Some students have difficulty getting suitable ideas for a 
project. 

15. Projects may produce a nervous strain upon some stu- 
dents. 


PSYCHOLOGY IN SECONDARY SCHOOLS 
S. EDMUND STODDARD 
Science Instructor, High School, Blackfoot, Idaho 


In meditating upon the biological education of a people this 
truth presents itself to me—that secondary schools must shoul- 
der a grave responsibility. In its classes millions must be given 
the opportunity to learn the many really important facts and 
principles so necessary to successful living. These facts and 
concepts cannot be attained and developed in one year’s study 
of general biology. 

To assist our senior students in acquiring some of the informa- 
tion modern biological science is unfolding, we have for the past 
three years added psychology to our curriculum. During these 
years the author has developed definite conclusions as to the 
material necessary for senior high school students. This article 
is presented with the hope that these conclusions may be of 
value to other instructors presenting, possibly for the first time, 
a course in psychology to senior students. 


MATERIAL 


The author has found that high school students as well as the 
majority of adults have formed definite concepts of what psy- 
chology is and should be without having studied the subject. 
Some pupils think psychology is a storehouse filled with mys- 
tery and magic. They wish to delve into its secrets in order to 
see beyond the workings of the human mind. Such misconcep- 
tions must be eliminated from the students’ thinking. They must 
be made to realize that psychology, to be a worth while study, 
must first be objective and scientific. To aid in this develop- 
ment a brief history of psychology is found helpful. 

The author includes in this history a discussion of animism, 
Plato and Aristotle, the concepts held by the early Christian 
Church, Descartes, Herbart, Wundt, Freud, Watson, Thorn- 
dike, Lashley and Bentley. Several other names are added to the 
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study as the course progresses. It is also explained to the stu- 
dents that psychology was first the study of the soul, then the 
mind, and now, becoming scientific, the study of behavior. 

Some books begin their study by presenting various ideas of 
mind as held by philosophers and psychologists. For the past 
two years the author has experimented with the reaction of high 
school seniors to different concepts of mind. These results con- 
vince the present writer that, although the students are for the 
most part intellectually capable of many such discussions, their 
interest is far from being centered in these studies. Conse- 
quently it seems desirable to merely explain that the majority 
of psychologists define mind as bodily responses. 

In a discussion of the mechanism of bodily responses the stud- 
ies should not be too detailed. A brief study of the effectors, 
connectors, and receptors including the ductless glands seems 
very necessary. These studies are paramount for the develop- 
ment of the concept of nerve transmission and the formation 
of the idea of stimulus and response. It is a revelation to most 
students to study the various receptors. In the majority of in- 
stances the students had always thought of the senses in terms 
of sight, smell, hearing, touch and taste. 

Following the above studies it seemed important to the au- 
thor to study in some detail the concept of conditioning. The 
study of Pavlov’s first experiments was followed by discussions 
concerning positive and negative conditioning, the time factor, 
and methods of unconditioning. Watson’s experiments with 
children were reviewed and various illustrations from life were 
mentioned to clearly aid the student in an understanding of this 
type of bodily behavior. 

At this stage in the study of pscvhology the students had de- 
veloped scientific attitudes and were ready for the perusal of 
the following topics: individual differences, reflex and instinct, 
emotion, intelligence, thinking, memory, development of de- 
terminations (ego, success, failure), and socializing an indi- 
vidual. 

It is the belief of the writer that part of the remainder of the 
course is somewhat new in high school classes in psychology 
and should therefore be reviewed in more detail. Our school is 
located near a state asylum for the insane. Many students asked 
questions concerning the inmates of this institution. Their in- 
terest was an outgrowth of having visited the asylum sometime 
in the past. It was a logical decision that students of seventeen 
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and eighteen years of age should study problems of personality 
breakdown. The following outline indicates the sequence of ma- 
terial studies. 

I. Normality 

II. Borderland types 

1. Emotionally maladjusted 

a. Neurasthenia 

b. Hysteria 

c. Psychasthenia 
. Emotionally unstable 
. Mentally peculiar 
III. Functional psychoses 
1. Dementia praecox 


? 


2 
3 

. Manic-depressive psychoses 
3 


3. Paranoia 
Organic psychoses 
1. General paresis 
2. Toxic psychoses 
3. Senile psychoses 
4. Brain diseases 
5. Epilepsy 
V. The feeble-minded 

1. Idiots 

2. Imbeciles 

3. Morons 
VI. Mental hygiene 


At the close of the classes in psychology an inquiry was made 
in the attempt to discover student reactions to the various 
topics studied during the year. Seventy per cent of the students 
enjoyed the persual of the abnormal psychology more than any 
other topic. The next most enjoyed was the subject of condi- 
tioning. 

The classes were taken through the asylum and the psychia- 
trist in charge talked to the students, stressing the relationship 
between the normal and the abnormal. By such proceedings the 
students developed an objective and scientific outlook on the 
problem of personality breakdown. It seems evident that the 
integration of the concept of the development of psychopathic 
traits and a survey of the field of mental hygiene is one of the 
most important topics that the pupils might peruse in this 
modern world. 


LABORATORY 
During the course the following experiments have been per- 
formed by each student: 


1. Distribution of the four sense qualities of the skin—pressure, pain, 
warmth, coolness. 
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2. The two-point threshold. 
3. Tactual localization. 
4. Determination of steadiness of pupils. 
a. Apparatus constructed by students. 
5. Determination of perception of depth. 
a. Apparatus constructed by students. 
6. Mapping blind spot. 
7. Color mixing. 
8. After images. 
9. Perimeter. 
10. Psychogalvanic reflex. 
11. High-relief finger maze. 
a. Apparatus constructed by students. 
12. Word association tests. 
13. Intelligence tests. 
a. Compared results of taking tests as seniors with records as fresh- 
men. 
14. Mirror star tracing. 
15. Rats learning the maze 
a. Work done by two students who cared for the rats at their homes 
bringing them to class to demonstrate to the other pupils. 


The above outline is presented to illustrate the type of ex- 
periments that might be included in a course in high school 
psychology. The students have developed, under supervision of 
the instructor, a number of pieces of apparatus which have 
worked very well. The material needed may be found in the 
science department of most high schools; the cost of construction 
can therefore be held to a minimum. It has been found that stu- 
dents take interest and considerable pride in building their own 
apparatus. 

In addition to the laboratory work described above, the 
writer has been experimenting with the recording of a psycho- 
graph for each student. The hope entertained by the author is 
that these studies will form a basis for guidance for senior stu- 
dents in our high school. 


CONCLUSION 

After three years of experimenting with psychology in high 
schoo] it seems a certainty that senior students are capable of 
understanding its basic concepts. The presentation of elemen- 
tary abnormal psychology and mental hygiene has proved very 
successful. Almost any high school will have material for the 
construction of various types of apparatus which will materially 
aid the value of the course. It then seems a salient fact that the 
study of the effect of environment on the formation of our 
changing lives should be presented to senior high school students. 








CONDUCTING A COMMUNITY STAR PARTY 
AS A COLLEGE CLASS ACTIVITY IN 
SUMMER SCHOOL 


Davip W. RUSSELL 


National College of Education and Lecturer at Northwestern 
University, Evanston, Illinois 


During the past two years much has been said and written 
about using community resources and enlisting the interests of 
parents and outsiders in educational enterprises. The idea 
sounds fine and it is fine, but it is sometimes difficult to find an 
activity that will fit the bill. In this respect, teachers of the social 
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sciences are fortunate, for the numerous opportunities to use 
community resources and public interest make the problem 
more a matter of selection. But science has its opportunities, 
too. Museums have gone far to further public interest in science, 
so have ‘‘open houses”’ sponsored by college departments of ap- 
plied science, and exhibits by industrial organizations. Motion 
pictures, popular publications, newspaper columns, quiz pro- 
grams, and presentations to consumers of the service of science in 
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the home have also contributed to mobilizing public interest in 
science education. But one of the most successful and popular 
community activities related to science has been the star gaz- 
ing party. 


A. THE STARGAZERS’ PARTY IN CLEVELAND 


Probably the first stargazers’ party conducted on a large scale 
in a metropolitan community was sponsored by the Cleveland 
Press under the direction of David Dietz, Scripps-Howard Sci- 
ence Editor, and James L. Russell, Associate at the Baldwin- 
Wallace Observatory in Berea, Ohio, in August, 1939. Amateur 
astronomers and telescope makers in the Cleveland area brought 
their telescopes to Edgewater Park, along the shores of Lake 
Erie, set up their equipment, and offered the public free views of 
the skies with explanations. Hundreds of visitors stood in slow- 
moving lines waiting their turns to look at the heavens through 
the amateur telescopes. The interest surpassed all expectations 
and predictions with the result that the community stargazing 
party has become an annual public event in the city of Cleve- 
land. 


B. MAKING STARGAZING A SUMMER SCHOOL ACTIVITY 


The community stargazing party seemed to have even greater 
possibilities as an activity for teachers in summer school educa- 
tion courses in science. They have been schooled in the educa- 
tional philosophy of using community interests and resources, 
so why not let the science teachers put the theory into action 
with a great star party that would just fit the bill! The idea 
“thought” well and sounded well and so with the co-operation 
of Dr. Oliver J. Lee, Director of the Dearborn Observatory, Carl 
O. Skinrood, Publisher of the Evanston News-Index, Marion 
Shell, City Editor, and J. Stanley McIntosh, Instructor in Visual 
Education, preliminary plans were made for the first community 
star party of this kind. The affair would be held on the North- 
western campus adjoining the Dearborn Observatory, and 
would be sponsored as a community activity by the News-Index. 
Amateur astronomers and telescope makers living in the Evans- 
ton area would be invited to bring their equipment and partici- 
pate, the Dearborn Observatory would be open, sound motion 
pictures would be shown in a small outdoor theatre, and small 
campus groups would be gathered to observe and discuss the 
constellations and stars. 
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The management of the affair would be offered to the summer 
school classes in the teaching of science at the National College 
of Education and Northwestern University as a summer school 
community “‘project.’”’ No finances would be involved and time 
and effort would not be spared to make the star party a part of 
community and educational progress in science education. 


C. PLANNING WITH THE CLASSES 


Soon after the summer school classes met, the possibilities and 
plans for a community stargazing party were presented to these 
classes in science education. Discussion followed and the classes 
were enthusiastic about accepting the responsibility for the 
event. It would be a new experience—it would be putting theory 
into action. So the date was set for Tuesday, July 30, and com- 
mittees were appointed to give each member of the classes a 
definite responsibility. It was found desirable to organize com- 
mittees on arrangements, telescopes, motion pictures, publicity, 
invitations, and reception with a blanket assignment for all mem- 
bers of the classes to come to the party prepared to answer any 
reasonable questions asked by the community guests, who would 
range in age from six to sixty! No question would be too foolish 
to answer, and in case the class member was “‘stumped,’’ he 
should find the answer somehow! 


D. THe ComMITTEES Go INTO ACTION 


Careful planning of the details of the community star party 
was very important. Amateur telescopes must be secured, space 
allotted, the outdoor theatre arranged, a public address system 
planned, educators and civic leaders interviewed, newsy and in- 
teresting data given to the News-Index, and careful foresight 
used in techniques of handling the crowd! But what if it rained 
or was cloudy on the eventful night of July 30? “‘Rain check’”’ 
plans were made, but the enthusiasm is always less the “day 
after,’ so the great hope was that the skies would be clear and 
the weather would be favorable for the novel occasion. 

One of the most important phases of planning was to ac- 
commodate the amateur astronomers and telescope makers 
who planned to bring their equipment to the party. From a 
mailing list, compiled from sources here and there, invitations 
were sent to amateurs. Each participant who accepted received 
in return a map of Evanston showing the exact location of the 
event and parking reservations. Safe storage space was also 
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provided for those who wished to bring their equipment a day 
or so in advance. These preparations were very important, for 
some of the amateurs came from miles around and their equip- 
ment was very valuable. 


- You’re All Invited To. ‘Star Party’ Tuesday Night 
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Fic. 2. The community star party made interesting news. 
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Another important problem was planning a technique for 
handling the crowd. Every guest should see the movies, every 
one should have a peek through each telescope, and should 
spend some time in the big Dearborn Observatory. Each visitor 
should enjoy the discussion groups roaming about the campus 
with leaders identifying constellations with flashlight beams, 
and should leave the party with the feeling that he had had a 
good time, learned something, and missed nothing. 

A week before the party the ‘‘build-up” was well under way, 
and the astronomical “blitzkrieg” on the community began. 
Interesting stories of the community star party appeared daily 
on the front page of the News-Index. Announcements were 
made in other summer school classes and stories appeared in the 
Summer Northwestern and some of the Chicago newspapers. 
During the class periods the elements of astronomy were dis- 
cussed as well as the educational phase of science and its rela- 
tion to the community and everyday living. Word was passed 
around the campus until the password became, “‘See you at the 
star party!” 

EK. THE NIGHT OF THE PARTY, RAIN OR SHINE? 

Tuesday, July 30, 1940, arrived and brought a cloudy and dis- 
couraging morning, but final preparations were underway just 
the same. By afternoon the skies were more promising and 
many necks bent backward and eyes looked above. The same 
question came from many lips, “Is the star party on tonight?” 
The answer was always “Yes,” with hope. 

By seven o’clock, two hours before the show, guests were 
beginning to arrive, and one by one the amateurs arrived and 
set up their telescopes in “strategic” locations along the lake 
shore. There were eight-inch, six-inch, and four-inch reflectors, 
as well as several refractors being assembled while the big dome 
of the Dearborn Observatory opened and preparations were 
being made. Shortly after seven o’clock we surveyed the skies 
and finally Dr. Lee predicted, “It’s going to be clear, the clouds 
are leaving!’ The good news was announced over the loud 
speaker system, and the campus buzzed with activity, for the 
party was on! 

As the guests arrived in groups, they were met by a member 
of one of the classes in science education, given a star map, and 
directed to the scenes of festivities. Soon the first stars began 
to break through the darkening sky. Groups went to the small 
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telescopes to get the first look, crowds jammed the observatory 
to wait their turns, and others sat on the grass, swatting mos- 
quitoes, but absorbed in the sound movies about astronomy. 
The class committees were in action, they answered questions 
and assumed the responsibilities of hostesses and hosts to see 
that every guest participated in every event. And so the party 
continued for five hours under the brilliant array of a heaven of 











Fic. 3. Each visitor was given a star map. 


stars, each one blinking, seeming to tell a story. The last guest 
left after midnight, and the class committees assembled in 
front of the observatory for a “midnight”? meeting. It was 
agreed that the party was a grand success and reported that 
the question asked by many of the departing guests was, ‘‘Will 
you have another star party next year?” 
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A real note of appreciation is expressed to John L. Sharpe, Chicago; 
Allan L. Carl, Chicago; O. C. Durham, Waukegan; William Einbecker, 
Highland Park; George Reynolds, Winnetka; James L. Russell, Cleveland; 
Frances H. McCauley, Warren; Clarence Smith, Aurora; John W. Swen- 
son, Evanston; Charles Hetzler, David Hamlin and E. P. Martz, of Dear- 
born Observatory Staff, and others whose names were not registered, for 
bringing their telescopes and giving instruction at the Evanston Com- 
munity Stargazing Party. 


USE THE ELECTRIC OUTLET FOR 
DEMONSTRATING VACUUM TUBES 
ANDREW DOUGLAS 
Murphy High School, Mobile, Alabama 


A, B, and C “batteries” are often mentioned when discussing 
electronic devices. In reality, voltage from any source will cause 
the desired operations. The majority of circuits used in indus- 
trial and domestic applications employ no electro-chemical gen- 
erators. Classroom demonstrations, likewise, can be given using 
energy from the electric supply of the building, and without any 
special “battery substitute” or “‘battery eliminator.” 
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Figure 1 shows a way of obtaining several voltages for a triode 
from a single source. The resistance necessary to limit the fila- 
ment current is divided into two parts. The maximum value of 
the grid negative bias equals the 7R drop in R;. The maximum 
value of the plate voltage equals the 7R drop in R». Sliding con- 
tacts on these resistances vary E, and E,. 
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This circuit may be used on alternating current. Since the 
plate current is a stream of electrons whose source is the fila- 
ment, the plate receives them only when it is positive with re- 
spect to the filament. 

Though the plate is actually negative half of the time, it is 
cold and refuses to yield electrons. Hence a unidirectional cur- 
rent flows through the plate ammeter; and any commercial fre- 
quency causes this to happen so often as to produce a steady in- 
dication on any ordinary instrument. The grid being negative 
when theplate is positive,its bias then is a voltage whose instan- 
taneous direction is suitable to repel and control the filament 
emission. That is, rapid and periodic reversal of the supply volt- 
age contributes no ill effect, so far as a demonstration of ele- 
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mentary performance is concerned. Therefore, when a-c happens 
to be the sole available supply (as in many school rooms) the 
fundamentals of tube behavior can still be considered on a de- 
scriptive basis. 
OTHER ARRANGEMENTS 

As shown in Figure 2 the voltmeter between filament and grid 
may be taken out. The grid lead is then connected to a slider 
making contact on some sort of voltage divider between tke 
supply wires. If a uniform slide-wire is used, distances L; and Ly 
measure the voltage value applied to the grid with reference to 
the fixed position of the filament. For example, if {= , fila- 
ment and grid will be at the same potential (no bias). Movement 
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of the slider to the left imposes a negative bias with reduction of 
plate current. Movement to the right produces a positive bias 
with rise of plate current. A small shift of grid voltage can be 
shown to bring about a relatively large change of plate current, 
making plain the amplification effect of the tube. The supply 
may be either a-c or d-c. 

Figure 3 indicates how a cathode-type tube may be employed. 
The heater is supplied by any convenient source, the grid is con- 
nected to one line, the plate to the other, and the cathode to a 
slider on a potentiometer. The grid can thus be made more nega- 
tive than the cathode, with results similar to those obtained 
from the circuit of Figure 1. As with that circuit, only negative 
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bias for the grid is possible. To obtain both positive and negative 
bias, the grid must be connected to the slider of another across- 
the-line potentiometer. If this is done, complete control of grid 
and plate voltage is possible. 

It must be remembered that these circuits operate on a-c be- 
cause of self-rectification in the tubes. Cyclic variation of the 
supply causes a tube to operate dynamically instead of it being 
held at some one point of its performance. Therefore representa- 
tive characteristic curves are not obtained from the readings of 
r.m.s. or average-value instruments. Qualitative results, how- 
ever, are acceptable and a demonstration of tube operation is 
possible which otherwise might have to be glossed over. 
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SOME PRACTICAL CONSIDERATIONS 


It is well to select a triode requiring low filament current. This 
will reduce the size and cost of resistors due to the low wattage 
to be dissipated. A type 30 is usually convenient. For this, 


R,= 200 ohms, 10 watts. 
R= ‘1800 ohms, 10 watts. (for 120v. supply) 
*” | 1600 ohms, 10 watts. (for 110v. supply) 


A type 27 is suitable where a cathode tube is desired. Also 
suitable is a 25L6 connected as a triode. This latter gives a larger 
plate current where a sensitive galvanometer is not available for 
the plate circuit. 

Any demonstration of this sort should be given after placing 
wiring, tube, and controls on a vertical board at least 2 ft. K 3 
ft. All wires should run vertically or horizontally, all should be 
widely separated, and all should be as straight between connec- 
tion points as is possible. The simpler the connections the more 
certain it is that principles rather than details are being con- 
sidered. 

Acknowledgement should be made of the help given by Mr. 
Lloyd E. Smith of the TVA Communications Laboratory in work- 
ing out the details of Circuit No. 3 and for other helpful sugges- 


tions. 


TALCUM POWDER HELD RESPONSIBLE 
FOR SERIOUS ILLNESS AFTER 
OPERATIONS 


Serious complications and illness may follow operations if talcum powder 
from the surgeon’s gloves gets into the surgical wound. A warning of this 
danger is given by Dr. Edward J. McCormick and Dr. Thomas L. Ramsey, 
of Toledo, Ohio, in a report in the Journal of the American Medical As- 
sociation. 

They report two cases of postoperative complications in which second 
operations were required, one of them resulting in the loss of the child- 
bearing organs in a 21-year-old woman. 

In both cases crystals of magnesium silicate, or talc, were found in the 
inflamed tissues removed at the second operations. It is probable, the 
Toledo surgeons believe, that many other cases of postoperative complica- 
tions caused by talcum or by lycopodium powder have gone undiagnosed in 
the past. 

Careful washing of the gloved hands of the surgeon and his assistants, 
to remove the powder used on the gloves, and care to keep the air of the 
operating room free of the powder are urged to prevent such complications. 











TEACHING OF MATHEMATICS AT THE 
JUNIOR COLLEGE LEVEL 


RuTH MASON BALLARD 
Wright Junior College, Chicago, Ill. 

Junior colleges should conceive of their field of effort as including the 
educational needs of the entire youth population, particularly those 18 and 
19 years of age.! 

The entire youth population is a heterogeneous class, and ac- 
cording to Mr. Zook, one out of every six in the age group is en- 
rolled in the first year of college. To many of this one sixth the 
great change from high school to college is the emancipation 
from study halls. The faculty expects them to profit from being 
lectured to, to be able to cover ground more speedily and to han- 
dle more advanced subject matter than they did in high school. 
The first two college years are spoken of as the completion of 
secondary education, as a period too early for specialization and 
research. The junior college population includes those who are 
going into the professions, those who are continuing their studies 
through four years of college, those who are planning such fu- 
tures, but will not achieve them, and those whose two years of 
college are frankly terminal, and in many cases definitely voca- 
tional. Organizing courses that will serve all the children of all 
the people faces educators in all fields. To consider only one de- 
partment, let us see how mathematics meets the challenge. 

The Report of the Committee on Tests of the Mathematical As- 
sociation of America comments that “‘junior college mathematics 
has been dominated by the curriculum requirements of students 
of engineering.’ As the engineering student needs preparation 
for the study of physical sciences, the course that is suitable for 
him is preparatory for those who are going on in physical science 

or in professions requiring the knowledge of the physical sci- 
ences. The universities and colleges base their more advanced 
mathematics courses on what they know is being offered at the 
junior college level. It is desirable to check content periodically 
to be sure that it is meeting the changing needs of this group. 
For instance, the study of vectors is being added at the junior 
college level. It might be well to check the needs of students of 
biological sciences to see if there are needs which can be or are 


1 Zook, Geo. F.‘‘The Past Twenty Years—The Next Twenty Years.” Junior College Journal, Vol.X, 
No. 9 (May 1940), p. 621. 
2 American Mathematical Monthly, Vol. 47, No. 5 (May 1940) p. 300. 
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being met. The need for mathematics in social studies is begin- 
ning to be realized. To quote Hellmich: 


The social studies demand primarily a clear understanding of the lan- 
guage used in mathematics and of the meaning of mathematical concepts 
and processes. . . . The social studies can profit from more attention to the 
teaching of mathematics in inculcating appreciation for the method of 
mathematics in the development of society and its potential possibilities 
in the development of the individual. . . . Of utmost importance in obtain- 
ing this objective is the understanding of the function concept.* 


Whether or not the specific mathematical needs of the students 
who are going on in economics, social science, and related fields 
are being served deserves careful attention. For those interested 
in a business career special courses in business mathematics, 
elementary statistics, and mathematics of finance can be given 
at the junior college level. For the students whose interests are 
entirely cultura] there can be a mathematical survey, paradox- 
ically designed as a terminal course, which makes the subject so 
interesting that the student wants to continue studying mathe- 
matics. 

In all courses the student should obtain some grasp of the na- 
ture of mathematics. 


He should conceive of mathematics both as a mode of thinking and a tool 
of thinking. As a tool for thinking, mathematics differs essentially from 
other fields of knowledge since it is primarily quantitative, precise and 
objective. But as a mode of thinking it differs in no essential respect from 
physics, history, language, or even metaphysics. All thinking as a method 
involves the definition of the problem, the formulation and testing of 
hypotheses, and verification of results; it involves certain assumptions of 
meanings that control the interpretation and solution of the problem; it 
implies certain attitudes such as, suspended judgment, precision and ac- 
curacy within the limitations of the data that may be available; it is ex- 
perimental and not dogmatic in its procedure and above all, it is individual 
through and through since in no way may one be justified in saying that 
one person can think for another.‘ 


A questionnaire sent out in 1939 by the Committee on the 
Improvement of Science in General Education, appointed by 
The American Association for the Advancement of Science, to 
colleges, universities and teacher training institutions yielded 
the following data: 

Do you consider the conventional introductory courses in mathematics 
as represented by a majority of current text books 
a) are in general satisfactory for the non-specializing students? 

yes—64, no—106, uncertain—26. 


* “Mathematics in Certain Elementary Social Studies.” Contributions to Education No. 706, Colum- 
bia University, 1937, p. 116 

4P. T. Orata, “Transfer of Training and Reconstruction of Experience,” Mathematics Teacher, Vol. 
30 (1937), p. 99. 
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b) could be significantly improved for the non-specializing student? 
yes—119, no—33, uncertain—39.° 

An overwhelming majority of the expressed opinion regards this 
important aspect of the traditional curriculum as unsatisfactory 
and improvable. What can be done? Especially what can be done 
about teaching the subject matter of trigonometry, college alge- 
bra, and analytic geometry, which is the traditional mathemat- 
ics for college freshmen? By the organization and presentation 
of the material, specialist and non-specialist can be shown that 
mathematics is a method of thinking, valuable to the individual 
and to civilization. 

Functionality can be so presented that the student will see it as having 
its root in the common propensity and power of human beings to associate 
one thing or idea with another thing or idea. Functional thinking embodies 
the following characteristics which must constitute a basis for the estab- 
lishment of correct habits of thinking in general, namely, the recognition 
of dependence and the consciousness of the existence of functional relation- 
ships between quantities and ideas, the utilization of the quantitative or 
scientific method of procedure in the determination of data for the recog- 
nition and understanding of the nature of the relationship between the 
factors of a phenomenon, and finally the symbolic representation of the 
results of observation, mensuration, and experimentation in terms of 
mathematical symbols as precise, general laws.® 

Such teaching is attempted in the course in freshman mathe- 
matics at Wright Junior College. The content of the course is in- 
dicated by the fact that it corresponds approximately to 3 hours 
of trigonometry, 3hours of college algebra,and 4 hours of analyt- 
ic geometry. The material, however, is not arranged in the tra- 
ditional manner, but is reorganized, and unified by the function 
concept. 

Mathematics as a method of thinking is developed by the con- 
scious use of logic in proofs and problems, by the systematic 
study of concepts, and by the introduction of rigor. The logic in- 
volved in mathematics is assumed to have been previously in- 
troduced, but it is now further developed, extended, and used in 
more complicated situations. Mathematical induction, for in- 
stance, is a more complicated method of proof than any studied 
in high school. Horner’s or Newton’s method is for this level a 
complicated and lengthy process that trains in carrying a logical 
procedure through to its result which can be checked for its cor- 
rectness. Approximation is treated not as inexact estimation but 


5 As reported by Georges in ‘Humanizing the Curriculum of the Natural Sciencesand Mathematics,” 
in SCHOOL SCIENCE AND MATHEMATICS, Vol. 40 (May 1940), p. 455. 

6 Georges, J. S., ‘‘Mathematics in Junior Colleges’? Scooot SclENCE AND MATHEMATICS, Vol. 37 
(1937), p. 307. 
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as careful measurement or computation giving results within a 
known margin of error. Necessary and sufficient conditions begin 
to appear with frequency, and to the student should be pointed 
out the difference between the two, their definitive force when 
used together and their application in both mathematical and 
non-mathematical contexts. Concepts with philosophical over- 
tones such as infinity, dimensionality, and invariance are 
discussed. The student learns to recognize a function in its 
rhetorical, tabular, graphic, and analytic form. He is taught to 
discriminate between implicit and explicit, increasing and de- 
creasing, continuous and discontinuous functions. He investi- 
gates polynomial functions in one variable when he covers the 
work usually presented in college algebra; algebraic functions 
with emphasis on the relation between their graphic and analytic 
representations, in material traditionally organized as analytic 
geometry. He encounters elementary transcendental functions in 
trigonometry and in the unit on exponential functions. He learns 
to find properties of functions from their rate of change. He 
seeks their relative maxima and minima, and discusses their 
symmetry and other characteristics. An abstraction with an in- 
nocent sounding definition becomes a meaningful concept with 
properties yet to be investigated. Rigor is introduced in the dis- 
cussion of limit, and is used slightly in the treatment of infinite 
series. Exercises demonstrate applications of mathematics to the 
study of natural phenomena and social and economic problems. 
Exponential functions and logarithms are used in problems of 
compound interest and annuities. Maxima and minima are ap- 
plied to physics and economics. There are trigonometry exer- 
cises in surveying and navigation. For data in tabular form 
which could arise in any statistical investigation, methods are 
developed for finding the appropriate linear, power, quadratic, or 
exponential expression. “‘Throughout the course an effort is 
made to have the student understand that mathematics deals 
with abstract relationships which can be studied in abstract 
forms and applied to concrete situations.’”* 

Training in the future advantageous use of leisure time is 
found among lists of objectives for junior college, and a realiza- 
tion of the recreational possibilities and the philosophical impli- 
cations of mathematics may well lead to interesting hobbies or 
reading of good books. It may be useful in other avocations such 


7 Bulletin of Chicago Junior Colleges, 1939-40, p. 36 
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as sailing, amateur photography, or amateur radio. Applications 
of mathematics need to be pointed out not only to the student 
who may some day assist in making such applications but also 
to the student who will be served by having such applications 
made for him. The man who will some day build a bridge needs 
his mathematics, but it is well for all those who are going to cross 
that bridge at least to realize that mathematics was required in 
its building. The student needs to know not only how to do 
mathematics, but what mathematics can do for him. 

If a student is to appreciate the role of mathematics in the de- 
velopment and maintenance of civilization, he needs to realize 
that mathematics is a thriving, alive subject, now possibly en- 
joying a golden age, centered in the United States. He needs also 
to realize that mathematics is of value not only for its immediate 
applications, but for its eventual usefulness, and that it is an ex- 
ample par excellence of art for art’s sake. When students have 
learned of complex numbers and of vectors, they are ready to 
understand the story of an elaborate theory of complex variables 
built over the years in spite of its obvious uselessness, which was 
ready and waiting when it was needed in a previously undreamed 
of electrical science. When he studies the ellipse, he can profit by 
being told that if Kepler had not known properties of the conic 
sections discovered by the Greeks and not used by them in the 
intervening centuries, he could not have approximated the or- 
bits of the planets. 

The study of applications should indicate that mathematics is 
as essential in our scientific, industrial, and social progress as the 
mathematical method of thinking is in our intellectual develop- 
ment. Students in junior college can be taught not only mathe- 
matics but also the significance of mathematics. 


NAME THE ELEMENTS—A GAME OF COLORS 


MILTon G. WOLF 
James Madison High School, Brooklyn, New York 


In an elementary chemistry course the student learns the 
properties of substances on the basis of a logical classification 
of the elements. One objective of the course should be the recog- 
nition by students of the importance of the identification of 
substances to the study of chemistry. Of all five senses the sense 
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of sight is by far the most frequently used, and the element of 
color is the leading factor of that sense. One time when this 
analytic type of approach might be conveniently introduced is 
during a review lesson. Review lessons all too frequently tend 
to be mechanical and uninteresting largely because the feature 
of novelty is not present. Continued interest can be maintained 
after no new subject matter is offered by making color the dom- 
inant feature of the lesson. The device which follows represents 
the author’s idea of this approach. 

In the following statements the student is required to recog- 
nize various substances on the basis of a distinguishing color. 
In each group of five elements a single color serves as the means 
for identifying five different elements. The same element is not 
referred to twice within any one group. 


1. Colors the Bunsen flame red. 


2. A red liquid. 

3. Its oxide is red. 

4. A red non-metal (solid). 

5. A red metal. 

1. Burns in air with an intense white flame. 

2. Its silver salt is white and insoluble in nitric acid. 

3. Its sulphate is white and insoluble in hydrochloric acid. 

4. Its oxide (normally a gas), in the solid state is a common 
white refrigerant. 

5. Its oxide when solid assumes various white hexagonal pat- 
terns under certain conditions. 

1. Colors the Bunsen flame yellow. 

2. Its sulphide is yellow. 

3. It is a yellow metal. 

4. The element (a metal), and oxygen, forms a yellow ion. 

5. It is a yellow non-metal. 

1. Colors the borax bead blue. 

2. Its “‘ic’’ ion is blue. 

3. It gives a blue color with the cobalt nitrate test. 

4. Its “ic” ion produces a blue color with potassium ferro- 
cyanide. 

5. Colors starch paste blue. 

1. Produces a green color in the Bunsen flame. 

2. Gives a green color with the cobalt nitrate test. 

3. Colors the borax bead green. 
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4. A basic carbonate of which is green. 
5. A green gas. 
1. The element is a black non-metal. 
2. The common oxide of the metal is a black well known cat- 
alyst. 
3. A solid element which when heated becomes a black vis- 
cous liquid. 
4. Hydrogen sulphide converts salts of this metal to a sil- 
very black compound. 
5. It is the black deposit on developed photographic nega- 
tives. 
1. Colors the borax bead violet. 
2. Its vapor is violet. 
3. Its salts color the Bunsen flame violet. 
4. Its halogen salts are highly sensitive to violet light. 
5. Its “‘ic’”’ salts are violet. 
ANSWERS 
Red: Blue: 
1. Calcium, strontium or lithium 1. Cobalt 
2. Bromine 2. Copper 
3. Iron (ferric) or mercury (‘‘ic’’) 3. Aluminum 
4. Phosphorus 4. Iron (ferric) 
5. Copper 5. Iodine 
White: Green: 
1. Magnesium 1. Barium or copper 
2. Chlorine 2. Zinc 
3. Barium or lead 3. Chromium 
4. Carbon 4. Copper 
5. Hydrogen 5. Chlorine 
Yellow: Black: 
1. Sodium 1. Carbon 
2. Cadmium or arsenic 2. Manganese 
3. Gold 3. Sulphur 
4. Chromium 4. Lead 
5. Sulphur 5. Silver 
Violet: 
1. Manganese 
2. Iodine 
3. Potassium 
4. Silver 
5. Chromium 


If you do not get your journal regularly notify Business Manager 
W.F. Roecker, 3319 N. 14th Street, Milwaukee, Wis. 
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CRITICAL PHENOMENA 


Teaching of Critical Temperature and Critical Pressure 


SAVERIO ZUFFANTI 
Northeastern University, Boston, Massachusetts 


Too often students learn definitions of chemical terms without 
fully understanding the significance of the words that they have 
committed to memory. This is true of the definitions of critical 
temperature and critical pressure. A student may memorize the 
fact that ‘‘a gas cannot be liquefied at temperatures above the 
critical temperature regardless of how high a pressure may be 
applied”’ and yet not be able to visualize why this is true. 

| have found that this phenomenon may be better taught by 
approaching the discussion from the viewpoint of liquids chang- 
ing to gases and then pointing out the relationship to the lique- 
faction of gases. 

Having previously discussed the Kinetic Molecular Theory, 
I find I can easily explain evaporation and condensation. With 
this background I next explain evaporation rates and condensa- 
tion rates in a closed system, equilibrium, vapor tension, vapor 
pressure, and boiling. 

Having explained dynamic equilibrium we are now in position 
to discuss Van’t Hoff’s Principle. I do this with the aid of the 
following three diagrams: 


Re=R, 


RE =R) 





Density 
increases 














20 


I emphasize the fact that the figures do not represent actual ex- 
perimental data but that they are used to clarify the significance 
of the principles under discussion. 

As the temperature of a system in equilibrium is raised the 
evaporation rate Rg is increased to Re’ causing the equilibrium 
to be disturbed. Because Rz’ is greater than Rc, the concentra- 
tion of the vapor increases, resulting in an increase in Re until 
the new condensation rate Rc’ is equal to Re’, i.e., a new equi- 
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librium is established at the higher temperature in which the 
reaction absorbing the heat (the evaporation reaction) is more 
complete. For emphasis I repeat this discussion by stating an 
increase in temperature to 40°C., and showing that again 
Re" =Re". 

The student thus pictures the fact that as the temperature of a 
liquid in a closed system is raised we have more and more vapor 
in this confined area, and less and less of the liquid. I point out 
that because the concentration of the vapor is increasing we 
have an increase in the density of the vapor, while the density 
of the liquid is decreasing with increase in temperature because 
of expansion. The student now finds it a simple matter to visu- 
alize the fact that (a) because the amount of vapor is increasing 
while the amount of liquid is decreasing, and (b) the density of 
the vapor is increasing while that of the liquid is decreasing, 
that there must be some temperature at which all the liquid 
must disappear leaving us only one phase, i.e., the gas. He read- 
ily understands that any increase in temperature above this critical 
temperature would result only in an increase in pressure within the 
flask, or vice versa, an increase in pressure would result in an in- 
crease in temperature without reappearance of liquid. 

With this background the student should easily understand 
why a gas cannot be liquefied (production of two phases, i.e., 
gas and liquid) above a certain temperature, called the critical 
temperature, regardless of the pressure applied to the system. 
The definition of critical pressure offers no difficulty at this 
point. 

With select groups of student it may be advantageous to con- 
tinue the discussion further and include the adiabatic and iso- 
thermal compression of gases at the critical temperature. 


PROBLEM DEPARTMENT 


CONDUCTED BY G. H. JAMISON 
State Teachers College, Kirksville, Mo. 


This department aims to provide problems of varying degrees of difficulty 
which will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here pro- 
posed. Drawings to illustrate the problems should be well done in India ink. 
Problems and solutions will be credited to their authors. Each solution, or pro- 
posed problem, sent to the Editor should have the author’s name introducing 
the problem or solution as on the following pages. 

The editor of the department desires to serve its readers by making it interest 
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ing and helpful to them. Address suggestions and problems to G. H. Jamison, 
State Teachers College, Kirksville, Missouri. 





SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for 
solutions should observe the following instructions. 

1. Drawings in India ink should be on a separate page from the 
solution. 

2. Give the solution to the problem which you propose if you have 
one and also the source and any known references to it. 

3. In general when several solutions are correct, the one submitted 
in the best form will be used. 





LATE SOLUTIONS 


1683, 4, 5, 7, 8. Malcolm Kirk, West Chester, Pa. 

1695. Harold Bedell, Wing Station, N. Y.; Walter R. Warne, Rochester, N.Y. 
1693, 4, 5, 7. Maunis Charosh, Brooklyn, N. Y. 

1697. Walter R. Warne, Rochester, N.Y. 

1692, 5. Charles W. Trigg, Los Angeles City College. 

1692. David Blumstein, Brooklyn, N. Y. 


SOLUTIONS SUBMITTED 
1699. Proposed by John P. Hoyt, Cornwall, N. Y. 
In any triangle ABC with centroid G, FH is any line through G meeting 
AB at F and AC in H. Prove BF/FA+CH/HA =1. 











Solution by Paul D. Thomas, Norman, Okla. 


Let the median AG meet BC in D. Draw the perpendiculars 9, g, r, ¢ 
from the points A, B, C, D respectively upon the line FH. From similar 
right triangles: 


(1) BF/FA= /p, (2) CH/HA=r/p, (3) AG/GD=p/t. 
Since AG =2-GD, from (3) p =2t. Since D is the midpoint of BC, 
t= ai” and therefore (4) p=q+r. 


Adding (1) and (2) gives BF/FA+CH/HA a in consequence of (4). 
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Solutions were also offered by D. F. Wallace; Walter R. Warne, Roches- 
ter, N. Y.; Carrie Jones, Ovid Center, N. Y.; Robert W. Woods, S. Lan- 
caster, Mass.; Malcolm Kirk, West Chester, Pa.; John Funnell, Auburn 
N. Y.; Emerson Post, Glenora, N. Y.; James K. Wilson, Steamburg, N. Y.; 
Aaron Buchman, Buffalo, N. Y.; C. W. Trigg, Los Angeles, Calif.; C. F. 
Holmes, Washington, D. C.; George J. Ross, Brooklyn, N. Y.; Frances L. 
Miksa, Aurora, IIl. 


1700. Proposed by Frank Hall, Sheldrake, N.Y. 
Construct the triangle A BC, if sides a and 6 and median m, are given. 


Solution by Robert W. Woods, Lancaster, Mass. 


Given; sides a, b and median m.. 

Construct a parallelogram on 2m, as one diagonal, with sides a and b. 
The other diagonal of this parallelogram divides it into two triangles either 
of which is the required triangle. 

Solutions were also offered by Aaron Buchman, Buffalo, N. Y.; Deane 
Branstatter, Sullivan, Mo.; C. W. Trigg, Los Angeles, Calif.; Joel Rosen- 
man, Brooklyn, N. Y.; Grace Hall, Peabody, Kan.; Lillian Covert, Lodi, 
N. Y.; D. F. Wallace; George J. Ross, Brooklyn, N. Y.; Frank Hall, 
Sheldrake, Seneca Co. N. Y.; Nathan Yoder, Seneca, N. Y.; Clarence R. 
Spong, Great Bend, Kan.; L. C. Fender, Leon, Iowa; Roy Wild, New 
Boston, Mo.; D. F. Wallace; M. Kirk, Chester, Pa.; Geraldine Rice, 
Norman, Okla.; H. Lazott, Worcester, Mass.; George Haas, Glen Ellyn, 
Ill.; Joseph M. Synnerdahl, Chicago, III. 


1701. Proposed by D. F. Wallace, St. Paul, Minn. 


ABCD is a quadrilateral. M and N are midpoints of diagonals BD and 
AC respectively. MN meets AB at Rand BC at S. The diagonals of quad- 


B 








rilateral MSCD intersect at E and the diagonals of quadrilateral RNCD 
intersect at F. Prove that AF, BE, CD and lines drawn from R and S, 
parallel respectively to AC and BD, are concurrent. 

Solution by the Proposer 


Produce MN to meet AB at P. 
Treating PS as a transversal of As ABD and ABC we have, by Me- 
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nelaus’ theorem, the following equations: 
AP BM DR d AP BS CN 


cede Paral ene se 


me an 
PB MD RA PB SC NA 


AP BM DR_ AP BS— CN (1) 


PB MD RA PB SC NA 


M and N bei idpoints of BD and AC nh ee 
M : d midpoints eS 
an yeing poin Oo an MD N, “es 
Dividing the first ber of (1) b . = d th d ber by it 
vidin rst mem r ——— Comme OF) Cc member 1ts 
ividing etl eT O y PB MD" e secon e Vv 
AP CN 
equal, -——» we have: 
PB NA a 
ance =——.- (2) 
RA SC 


Produce AF to meet CD at X and BE to meet CD at Y. 

In ADAC we have cevians AX, RC, ND intersecting at F, and in ABCD 
we have cevians BY, MC, SD intersecting at E. 

Therefore by Ceva’s theorem we have the following equations: 


DR AN CX - BS CY DM_ 
RA NC XP. ~~" SC YD MB 
DR AN CX_ BS CY DM 3) 
RA NC XD SC YD MB ° 
DR BS AN DM 
——=—— asshown (2) and —~-=—— 
RA SC NC MB 


DR A N_ BS DM 
RA NC SC MB 
‘, Dividing the members of (3) by these equals, we have 


CX CY 
XD YD 
CX+XD CY+YD if D P 
ns e— re or a - “. CX=CY and X and ¥ coincide. 
tz GE CX CY 


Therefore AF, BE, CD are concurrent. 
Draw SY and RY. 
In above equation 


BS CY DM _ DM _ 
SC YD MB ° MB 
BS CY _ BS YD 


eee? eee . —s— SY is parallel to BD. 
sc YD SC 1 


Similarly RX is parallel to AC 
But X and Y coincide, as shown, and are on CD. 
Therefore AF, BE, CD and the parallels from R and S to AC and BD re- 


spectively are concurrent. 
1702. Proposed by Paul C. Overstreet, Wilmore, Kentucky. 


Show that for every perfect cube, n* there exists a series of m consecutive 
odd integers whose sum is n'. 
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Solution by Raymond F. Schnepp, St. Mary’s University, Texas 


Consider n* in the form n- n?. 

If m is odd, form an arithmetic progression of m terms, with common 
difference 2, taking n? as the middle term. 

If m is even, form a similar series except that m?+1 are taken as the two 
.aiddle terms. 

In both cases the first term is nm?—n+1, and the last or mth term is 
n?+n—1. The terms are n consecutive odd integers whose sum is n°. 

N.B. 1. In Schoo, SCIENCE AND MaAtTHeEMmatTIcs, May 1919, Oscar 
Schmiedel showed that any integral power of an integer is expressible as 
the sum of consecutive odd numbers, in an article entitled ‘‘Useful Benefits 
from the Study of Mathematical History.” 

2. It is clear from the above demonstration that the given property is 
not restricted to cubes or even to powers. Thus m-n, with m>n, can be 
represented by the same method as a sum of m consecutive odd integers, 
if m and » are of the same parity. 

Solutions were also offered by Roy Wild, New Boston, Mo.; Aaron 
Buchman, Buffalo, N. Y.; C. W. Trigg, Los Angeles, Calif.; L. C. Fender, 
Leon, Iowa; George J. Ross, Brooklyn, N. Y.; Arnold Kramisk, Denver, 
Colo.; Robert Woods, S. Lancaster, Mass.; Alan Wayne, New York, 
N. Y.; Malcolm Kirk, West Chester, Pa.; H. Lazott, Worcester, Mass.; 
J. M. Maxey, Wilmore, Ky.; Frances E. Crook, Baie Comean, Quebec. 


1703. Proposed by L. C. Fender, Leon, Iowa. 


Find the smallest number which is divisible by 17, and which when 
divided by the numbers 2 to 16 inclusive leaves a remainder of 1. 


Solution by the Proposer 

The least common multiple of the number 2 to 16 inclusive is 24: 3?- 5-7: 
11, 13 or 720720. The required number is therefore of the form 720720n +1 
where m is a small integral number. Dividing by 17 we have: 

a ee. 
17 7 

If the number is divisible by 17 then 52+1 must be divisible by 17. 
Ten is obviously the smallest integral value of » which will satisfy this 
condition. 

The required number is then (720720) (10) +1 or 7207201. 

Solutions were also offered by C. W. Trigg, Los Angeles, Calif.; Ray- 
mond F. Schnapp, San Antonio, Texas; George J. Ross, Brooki:n, N. Y.; 
D. R. Wallace, Robert W. Woods, S. Lancaster, Mass.; F. L. Miksa, 
Aurora, Ill.; M. Freed, Wilmington, Calif.; Felix John, Pittsburgh, Pa.; 
Malcolm Kirk, West Chester, Pa.; M. Freed, Wilmington, Calif.; H. 
Lazott, Worcester, Mass.; Paul Overstreet, Wilmore, Ky.; J. M. Maxey, 
Wilmore, Ky. 

1704. Proposed by Vincent J. Frost, Aurora, N.Y. 

Solve for x: (x +a)*+(x+6)4=17(a —5) 


Solution by C. W. Trigg, Los Angeles City College. 
(x-+a)*+(x+5)*=17(a—b)4. 
(x+a)*—(a—b)*= 16(a—b)*—(x+5)4, 
[(x-+-a)?+(a—6)*][(x+a)+(a—5) ]|(x+a) —(a—d) | 
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= [4(a—b)?+(x+b)*][2(a—b) +(x+6) | [2(a—b) —(x+5) J. 
|(x+a)?+(a—b)?](x+2a—b)(x+b) = [4(a —b)?+(x+b)*](x4+2a—b)(2a—3b—x). 
(x+2a—b) | (x +b) [(x+a)?+(a—b)*]+-(x—2a+36) [4(a—b)?+(x+b)*]} =0 
(x+2a —b) [22° +6bx?+ (6a? — 12ab+12b*) x —8a*+ 300% — 36ab?+ 16b* | =0. 

By consideration of symmetry it is evident that (x —a+2b) is a factor 
of the second term in the last equation. This is confirmed by synthetic 
division to secure: 

2(x+2a—b)(x—a+2b) [x?+(a+b)x+4a?—7ab+4b?] =0. 
So 
x=(a—2b), (b—2a), 4[—(a+b)+(a—b)y/—15]. 

Solutions were also offered by Paul Overstreet, Wilmore, Kentucky; 
Joseph M. Synnerdahl, Chicago, Illinois; C. H. Holmes, Washington, 
D. C.; George J. Ross, Brooklyn, N. Y.; Amory R. Haynes, Tacoma, 
Wash.; Raymond F. Schnepp, San Antonio, Texas; H. Lazott, Worcester, 
Mass.; Robert W. Woods, Lancaster, Mass. 


STUDENT HONOR ROLL 


The editor will be very happy to make special mention of high school 
classes, clubs, or individual students who offer solutions to problems sub- 
mitted to this department. Teachers are urged to report to the Editor 
such solutions. 


1689. Polly Perry, Monett, Mo. Junior College. 

1663, 1670. Roy Wild, New Boston, Mo. 

1700. Melvin L. Gold, Simon Gratz H. S., Philadelphia, Willis Babcock, 
Fort Atkinson H. S. Fort Atkinson, Wis. 

1704. Jimmic Davis, Monett, Mo. 


PROBLEMS FOR SOLUTION 
1717. Proposed by Julius Freilich, Brooklyn, New York. 

If quadrilateral ABCD be inscribed in a circle, radius R, center O, 
with AB and DC meeting at E; AD and BC meeting at F, prove by 
elementary geometry that 

EP’=O0F?+0F*- 2R’. 
1718. Proposed by John P. Hoyt, Cornwall, New York. 
In triangle ABC, if D divides CB so that CD/DB =m_-n, then 
Anat vegeta 
m+n m+n (m+n)? 
1719. Proposed by Stephen Droemus, Willard, New York. 


If a number is both a square and a cube, show that it is of the form 
7n or 7n +1. 


1720. Proposed by Frank C. Brady, Seneca Falls, New York. 
Find the sum of the fourth powers of the roots of 
x*—2x?+x-—1=0. 


* 
2 
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1721. Proposed by Antonio Tudeno, Lakemont, New York. 
Solve the equations 
xttv = yt 
yv=x. 
1722. Proposed by an old Subscriber. 


If S; is the sum of the first » terms of the sequence 1, 1+, 1+2k, s 
where & is a positive integer, and if S; is the sum of the cubes of the same 
terms, show that 5; is divisible by 5). 


SCIENCE QUESTIONS 
May, 1941 


Conducted by Franklin T. Jones, 
10109 Wilbur Avenue, SE., Cleveland, Ohio 


INTEREST RAISERS IN ELEMENTARY SCIENCE 


Contributions are desired from teachers, pupils, classes and general readers. 
Send examination papers from any source whatsoever, questions on any part 


of the field of science, tests, questions having to do with the pedagogy of science, 


d 


in fact, anything that appeals to the reader or might appeal to other readers; 
Uso anything that will help to make the subjects arrayed under SCIENCE 


more useful or more interesting to teachers and pupils. Select your own lopic. 
It will, most likely, be interesting to others. 


( 


( 


t 


e 
c 


: 


We will endeavor to get answers to all reasonable questions. It is always valu- 
tble to get questions whether they can be answered cr not. 

Contributors to SCIENCE QUESTIONS are accepted into the GORA 
Guild of Question Raisers and Answerers). 

Classes and teachers are inviled to join with others in this co-operative ven- 
ure im science. 


Please try these questions on a class—-whether of the same age as the pupils 
vho proposed them or of some other age. 
If you like, send some of the original papers of the pupils answering, either 


from one pupil for the entire list or separate questions and answers from 


ndividuals. 
Teachers are invited to get their classes to submit sets of questions and ans- 


wers for this series. 


( 
( 


“Interest Raisers’’ Nos. 26 to 30 below are contributed by the Science, 6A, 
lass of Miss Clara Headapohl, Science Teacher at Warner School, Cleveland, 
hio. (GQRA, No. 369) 


26. “One morning this winter the door to our garage could not be opened 


2 


because the ground in front of the door had risen.’’ Why? 

7. “I punched a hole into the top of a can of Pet milk and turned it up- 
side down but nothing came out, not even a drop. Then mother told me 
to punch another hole into the top. To my surprise the milk ran out 
fast. Why?” 
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28. ‘‘We know many forces that change the surface of the earth. Might 
some similar forces be changing the surface of the moon?” 

29. “I know peanuts are seeds because I can see the baby plants between 
the food layers. Seeds come from flowers. Then, why are peanuts found 
in the ground?” 

30. “A quart bottle is made to hold exactly a quart of milk. Why is a quart 
paper carton made so large that a quart of milk will not fill it?” 


Answers to ‘‘I-R’s” 26 to 30 are desired from classes studying Elementary 
Science, or General Science, or Senior Science. Good answers from individual 
pupils will receive credit by election to the GORA. NB—‘‘Good answers”’ are 
the natural sort that boys and girls would give and do not have to be 100% 
exact. 


ANSWERS WANTED FROM BOYS AND GIRLS 


“T-R’s” 16 to 25. 

The proposer of these questions, Miss Patricia Jean Porter (GQRA, No. 
366) of Grade 7, Madison, Wis. says:— 

‘Our general science class closely studied some phases of science but 
none in which these questions were answered; but I believe by reading up 
on these subjects in my spare time I could learn a great deal. I will write 
out answers to these questions and send them to you as soon as possible. 

As one of my hobbies is ‘post card collecting’ I want to thank you for the 
one sent me in your first letter.” 


QUESTIONS ASKED BY AN EIGHTH 
GRADE BOY’S CLASS 


(Elected to the GORA, No. 370)—Public School No. 54, Indianapolis, 
Ind. Answers are desired from some other class, or from individuals. 


924-(1)—-What makes a lightning bug light? 
(2)-What makes an airplane stay in the air? 
(3)-Why can’t we get perpetual motion? 
(4)-What is the difference between planets and planetoids? 
(5)-What causes tornadoes? 
(6)-Why are summer days longer than winter days? 
(7)—What is compressed air? 
(8)-In a gear box of a car, how does it work so that one wheel will 
rotate faster than the other in going around a curve? 
(9)—-Why does a magnet not attract silver coins? 
(10)—Why can’t we see through glass? 
(/t makes you wonder whether we really know what is going on in the minds 
of these pupils of ours. ED.) 


DO YOU KNOW THE ANSWERS? 


The following list of five questions came individually from pupils of the 
Biology Department at Mercy High School, Milwaukee, Wis. They are each 
elected to the GQRA under the number given after each name. 

Answers (abbreviated from the answers sent with the questions) are given 
on a later page of this number of SCHOOL SCIENCE AND MATHEMATICS. 








498 SCHOOL SCIENCE AND MATHEMATICS 


136. Proposed by Romaine W ojinski (GORA, No. 381) 
Is it true that salt will melt snow? 


137. Proposed by Betty Joyce Kapitzke (GQRA, No. 383). 


If a girl who is foolish enough to diet, contacts a tuberculosis germ at, 


say, 8:00A.M. how many germs is she liable tohave at the end of twenty- 
four hours? 


138. Proposed by Eleanore Meller (GQRA, No. 385). 
What makes some soap sink and some soap float in water? 


139. Proposed by Evelyn Koelsch (GQRA, No. 380). 
How many times in twenty-four hours does the blood circulate through 
a given point of the body (for instance, the finger) ? 


140. Proposed by Dorothy Schneider (GQRA, No. 382). 
In what part of the New World is the onion considered a delicate per 
fume? 


Readers are invited to propose questions (preferably with answers) for ‘(DO 

YOU KNOW THE ANSWERS” section of SCLENCE QUESTIONS. 

ANSWERS TO “DO YOU KNOW THE ANSWERS” 
Nos. 126 to 130, March, 1941 (Suggested as I read ‘‘Reader’s Digest’’) 

126. “Encouragement is oxygen to the soul”’ because oxygen stimulates 
our vital processes as encouragement does the soul. 

127. Simon Newcomb “proved” that it was impossible to fly a heavier- 
than-air machine. He was so convincing that the flights of the Wright 
Brothers between December 17, 1903 and September, 1908, were 
ignored by the newspapers as impossible. 

128. The first message was sent by telegraph by Samuel F. B. Morse. 
“What hath God wrought?” 

129. Malaria is transmitted not only by mosquitoes but also by the needle 
of heroin addicts. 

130. ‘““The theory of the lie detector is that the effort to deceive creates 
tensions which, combined with any conscious effort to control these 
reactions, can be detected and recorded. Under the stress of deceiving, 
your rate of breathing is changed, the circulation of your blood is 
changed, and the palms of your hands perspire more freely. Three 
moving fingers of the Keeler Polygraph record these changes.”’ 


Answers to Nos. 136-140, May, 1941, are given below—(Nos. 131-135 
were answered in April, 1941) 


136. “It is not the salt that melts the snow; it is the mixture of the salt and 
water called brine which does it.”” (GQRA, No. 381, Romaine Wojin 
ski.) 

137. Betty Joyce Kapitzke (GQRA, No. 383) says—“‘At the end of twenty- 
four hours the girl may have 70,368,744,177,664 tuberculosis germs.” 

138. Eleanore Meller (GQRA, No. 385) says—“The floating kind is filled 
with tiny airbubbles in the manufacturing process.”’ 

Mr. H. S. Brutton (Elected to the GQRA, No. 388), Dept. of Public 
Relations of The Procter & Gamble Co., Cincinnati, Ohio, writes; 
“Thank you very much for the interest that prompted you to write 
to us recently, and we are glad of the opportunity of answering your 
question. 

“The distinctive quality of IVORY Soap—its ability to float on 
water—is created by whipping a small proportion of air into the 
soap. When the hot molten soap is taken from the kettles in which it 
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has been made, it is pumped into large containers called ‘crutchers’, 
in which suitable paddles revolve. These whirling paddles beat air into 
the soap and form a thick, creamy mixture. 

“The process is very similar to that of making whipped cream ex- 
cept that the amount of air beaten into the soap is much smaller than 
that needed with whipped cream. This beating not only gives Ivory 
its ability to float, but its smooth, uniform texture and easy lathering 
qualities. 

“We are sending under separate cover a copy of our booklet en- 
titled ‘The Story of Soap,’ which we hope will prove both interesting 
and helpful.” 


(Undoubtedly readers of ScHooL SCIENCE AND MATHEMATICS can also 
obtain copies of this booklet by writing to Mr Brutton.) 


139. Evelyn Koelsch (GQRA, No. 380) says;—‘‘Since the blood circulates 
three times every two minutes, in the course of a day it would have 

flowed 2,220 times over a given point.” 

140. Dorothy Schneider (GQRA, No. 382) writes:—‘The primitive South 
American Indians considered onions a delicate perfume not only be- 
cause of the scent, but also because they discovered that the smell 
of onions drove away the fleas that tormented them.” 


NEAL’S PUPILS FROM CLEVELAND ANSWER 
HENRY’S FROM NEW MEXICO 


923. Mr. Nathan A. Neal (GQRA, No. 365), James Ford Rhodes H. S., 
Cleveland, says:—“‘We mimeographed the nine GQRA questions and 
put a copy in the hands of forty pupils in my physics class. They were 
asked to write an answer to any question which they felt sure of. Some 
pupils wrote several answers and some none... . 

“For all I know, the enclosed answers to the nine questions may be all 
wrong. I do not wish to have it said that they represent the final answers 
of either my pupils or myself until we had corresponded with the various 
authors of the nine questions and limited them to terms which were 
understood at both ends of the line.” 





923-(1)-In how many ways is it possible for a sphere, suspended in space, 
to be rotated at the same time. (Submitted by Roma Ellen Stroud, 
GORA, No. 371) 


Answer by Charles Kozak (Elected to the GORA, No. 390). 

‘“‘A sphere suspended in space in a fixed position, traveling neither north, 
south, east, or west, nor up or down, can only rotate in one direction at a 
time because a sphere always rotates around one of its axes.”’ (Then follow 
a figure and demonstration.) 


Answer by W. R. Boden (Elected to the GORA, No. 391). 

“The whole question is valueless because of the term ‘suspension.’ There 
is no suspension except in relation to other objects and, if the other objects 
move, it cannot be proved that it is not the suspended object which is 
moving.” 

Answer, by request, by Dr. Webster G. Simon (Elected to the GORA, No. 
389), Vice-president and Professor of Mathematics, Western Reserve Uni- 
versity. 

“Your letter of March 19th has caused a great deal of discussion among 
us mathematicians. It seems to us that her question involves what we 
mean by ‘rotation.’ As we understand rotation, it is possible for a sphere 
suspended in space to be rotated in one direction at a given time. We think 
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she is confused by the wobble of the earth’s axis. The earth is rotating 
around its axis and the wobble of the axis is not a rotation. We realize that 
a question like the one presented can raise a long and heated discussion.” 


923—(2)—Why are the sun’s rays still hot after traveling through ice? 

(Submitted by Hansel Lee, GORA, No. 372.) 

Answer by Jack Greener (Elected to the GORA, No. 392) 

“The sun’s rays produce heat when they strike a body or substance. The 
energy in the rays are not hot in themselves, but the latent energy which 
they contain is transformed into heat energy when it strikes the molecules 
of body or material on which it can act. The ice would absorb some energy, 
but, if the ice was crystal clear, I would say there would be quite a lot of 
heat light in the rays. Then, too, hot is a relative term. An inhabitant of 
Pluto or Neptune would consider a temperature of 100° below 0°C. hot.” 


923-—(3)—-Why does a speaker have to speak louder to a group of women 
than to the same number of men? (Submitted by Garnelle Marshall, 
GORA, No. 373.) 


Answer by W. R. Boden, GORA, No. 391. 

‘A speaker has to speak louder to a group of women than to the same 
number of men because of the clothing worn by women. The women wear 
fluffy hats, fluffy dresses and generally take up more space than men do. 
Also, the more material that is present to absorb the sound, the louder the 
speaker has to talk.” 


923-—(4)—If steam burns one worse than water at the same temperature, 
why does not this extra heat show on the thermometer? (Submitted 
by Dorothy Carnal, GORA, No. 374.) 
“No satisfactory answer was offered.” N. A. N. 


923—(5)—How can a steam boiler force steam out of one end and back into 
itself if the pressure is the same at both places? (Submitted by Clara 
Rae Bible, GORA, No. 375.) 


“No satisfactory answer was offered to this question.”’ N. A. N. 


Suggestion by the Editor—Refer to Encyclopedia Britannica, 11th Edition, 
vol. 14, p. 570a. 

Is this the steam injector? Invented by a French engineer, H. V. Gifford 
in 1858. 

Paradox—‘‘By the pressure of the steam in the boiler, or even, as in the 
case of the exhaust steam injector, by steam at a much lower pressure, 
water is forced into the boiler against the pressure.” 

Also—Consider the hydraulic ram by which water is raised above the 
level of the source. (Look in a farm pump catalog!) 


923-—(6)—Do light and sound waves have acceleration? (Submitted by Beal 
Pinson, GORA, No. 376.) 


Answer by Art Cain (Elected to the GORA, No. 393). 

“In a medium of the same density, light travels at the same speed. 
However, in passing from one medium to a more dense medium, it shows 
a negative acceleration and, in passing from one medium to a less dense 
one, it shows a positive acceleration. 

“Sound waves would not accelerate if they remained in a medium of the 
same density or temperature. However, if the elasticity of the medium 
were increased, then the sound would show a positive acceleration. A 
positive acceleration is also shown with an increase in temperature and 
correspondingly a decrease in temperature or elasticity causes a negative 
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acceleration. (Also, the less the density, the greater the velocity with the 
same coefficient of elasticity.)”’ 


923—(7)—-Why does a person blister worse on a cloudy day than a sunny 
day? (Submitted by Billy Kerr, GORA, No. 377.) 


Answer by Henry Kurdzrel (Elected to the GORA, No. 394). 
“A person does not necessarily blister on a cloudy day more than on a 
sunny day. In fact he does not blister more unless he stays out longer. 


923-(8)—Why does a crowbar get hot when lying flat in the sun, but stays 
cool if stood upright? (Submitted by Lawrence Lathrop, GQRA, No. 
378.) 

Answer by Ray Matthews (Elected to the GORA, No. 395). 

“If a crowbar were placed in an upright position, the rays of the sun 
wouldn’t be able to strike it directly, and, as a result, the crowbar standing 
upright would be cooler than a crowbar lying flat in which the rays of the 
sun could easily penetrate the crowbar and make the crowbar hot.” 


923-—(9)-If 80 calories of heat are applied to one gram of ice to change it 
to one gram of water at the same temperature, why won’t this heat 
affect the thermometer? (Submitted by Helen Johnson, GQRA, No. 
379.) 

“No answer was offered which gets at the fundamental philosophy of 
change of state of matter. All the answers were of the common type which 
simply say that when ice changes to water or water to steam, the calories 
which disappear are necessary in order to bring about the change of state 
from solid to liquid, or liquid to solid. N. A. N. 


Rhodes Physics Pupils responded by submitting a list of twenty-five ques- 
tions to Virgil Henry's (GQRA, No. 271) Dexter, New Mexico Physics class. 
Because of lack of space, they will have to be postponed to the June, 1941, 
issue of SCHOOL SCIENCE AND MATHEMATICS. At that time names of several 
new members of the GORA from Dexter High School will be announced. 


MASSON AND PUPILS ANSWER NEAL’S FIVE 
PRODUCTS AND BY-PRODUCTS 


921. Asked by Nathan A. Neal, GORA, No. 365. 
“What are five of the most valuable facts (or by-products) that I, as a 
pupil, got out of my high school physics class this year? 
Answer by Sylvia Mayer (Elected to the GQRA, No. 386). Riverside H. S. 
Buffalo, i Ss 
‘The study of physics has— 
1. Stimulated my inquisitive nature and has developed my ability to 
reason. 
2. Taught me that men of all kinds and all lands have helped to give 
me the knowledge of devices so useful in everyday living. 
3. Increased my vocabulary and has made me feel more in tune with 
my modern scientific world. 
4. Opened my eyes to the wise provisions of Mother Nature for the wel- 
fare of the earth’s inhabitants. 
Taught me to make use of Nature’s laws in such a way as to minimize 
the dangers and increase the safety of my surroundings.” 


Answer by Aurelia Trudnowska (Elected to the GORA, No. 387). Riverside 
High School, Buffalo, New York. 


a) 
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(For lack of space this answer must be deferred to June, 1941.) 

Louis T. Masson, GORA, No. 52, Riverside High School, Buffalo, has 
answered 922 from the Teacher’s point of view. That also must be deferred to 
a later issue. 


GQRA—NEW MEMBERS, MAY, 1941 


From Mercy High School, Milwaukee, Wis.: 
380. Evelyn Koelsch; 381. Romaine Wojinski; 382. Dorothy Schneider; 
383. Betty Joyce Kapitzke; 384. Helen Loesch; 385. Eleanore Meller. 


From Riverside High School, Buffalo, New York: 
386. Sylvia Mayer; 387. Aurelia Trudnowska. 
388. Mr. H. S. Brutton, Dept. of Public Relations, The Procter & 
Gamble Co., Cincinnati, Ohio 
389. Dr. Webster G. Simon, Vice-President and Professor of Mathe- 
matics, Western Reserve University, Cleveland, Ohio 


From James Ford Rhodes High School, Cleveland, Ohio: 
390. Charles Kozak; 391. W. R. Boden; 392. Jack Greener; 393. Art 
Cain; 394. Henry Kurdzrel; 395. Ray Matthews. 


JOIN THE GQRA!!! 


BOOKS AND PAMPHLETS RECEIVED 


NEW VocCATIONAL MATHEMATICS FOR Boys, by William H. Dooley, 
Principal, Straubenmuller Textile High School, New York City, and David 
Kriegel, in Charge of the Navy Yard Apprentice School for the Board of 
Education, New York City. Cloth. Pages xi +349. 13 X20 cm. 1941. D. C. 
Heath and Company, 285 Columbus Avenue, Boston, Mass. Price $1.64. 


Basic GEOMETRY by George David Birkhoff, Professor of Mathematics 
in Harvard University, and Ralph Beatley, Associate Professor of Educa- 
tion in Harvard University. Cloth. 294 pages. 14.5 22.5 cm. 1941. Scott, 
Foresman and Company, 623 South Wabash Avenue, Chicago, III. 


INTRODUCTION TO THE THEORY OF Equations, by Nelson Bush Conk- 
wright, Assistant Professor of Mathematics, The University of Iowa. Cloth. 
Pages viii+214. 1421 cm. 1941. Ginn and Company, Statler Office Build- 
ing, Park Square, Boston, Mass. Price $2.00. 


BOOKKEEPING AND ACCOUNTING PRINCIPLES AND PRACTICE, INTRODUC- 
TORY CoursE, by Arthur Henry Rosenkampff, Professor of Accounting 
and Head of the Department of Accounting Instruction, New York University, 
and William Carroll Wallace, Head of the Department of Accounting and 
Law, George Washington High School, New York City; Instructor in Account- 
ing and in Methods of Teaching Commercial Subjects, and Director of the 
Department of Methods in Commercial Education, New York University. 
Fourth Edition. Cloth. Pages xix +349. 1523 cm. 1941. Prentice-Hall, 
Inc., 70 Fifth Avenue, New York, N. Y. Price $1.60. 


MATERIALS OF INDUSTRY, by Samuel Foster Mersereau, Chairman, De- 
partment of Industrial Processes, Retired. Brooklyn Technical High School. 
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Revised and Enlarged. Cloth. Pages xxiv+578. 13.520.5 cm. 1941. 
McGraw-Hill Book Company, 330 W. 42nd St. New York, N. Y. 


Tours THROUGH THE WORLD OF SCIENCE, by William T. Skilling, State 
Teachers’ College, San Diego, California. Revised Edition. Cloth. Pages 
xiv+815. 12.519 cm. 1941. McGraw-Hill Book Company, 330 West 
42nd Street, New York, N. Y. Price $1.70. 


THE WORLD AND THE Atom, by G. Mller and Ebbe Rasmussen. Cloth. 
199 pages. 13.5X21.5 cm. 1940. D. Van Nostrand Company, Inc., 250 
Fourth Avenue, New York, N. Y. Price $2.75. 


NATURE GAMES Book, by Elmo N. Stevenson, Professor of Science Edu- 
cation, Oregon State College. Cloth. 208 pages. 11.519 cm. 1941. Green- 
berg: Publisher, 67 West 44th Street, New York, N. Y. Price $2.50. 


PRACTICAL MATHEMATICS, Part II, ALGEBRA WITH APPLICATIONS, by 
Claude Irwin Palmer, Late Professor of Mathematics and Dean of Stu- 
dents, Armour Institute of Technology, and Samuel Fletcher Bibb, Asso- 
ciate Professor of Mathematics, Illinois Institute of Technology, Armour 
College of Engineering. Fourth Edition. Cloth. Pages xiii +256. 11.5 17.5 
cm. 1941. McGraw-Hill Book Company, Inc., 330 West 42nd Street, New 
York, N. Y. Price $1.25. 


A History OF MAGIC AND EXPERIMENTAL SCIENCE, Volumes V and VI: 
The Sixteenth Century, by Lynn Thorndike, Professor of History, Colum- 
bia University. Cloth. Pages: Vol. V: xxii+695. Vol. VI: xviii+766. 
13.5 X22 cm. 1941. Columbia University Press, Morningside Heights, New 
York, N. Y. Price $10.00 a Set. 


Srtx PLace TABLES, WITH EXPLANATORY Notes by Edward S. Allen, 
Associale Professor of Mathematics, Iowa State College. Sixth Edition. 
Cloth. Pages xxiii+181. 10.5 X17 cm. 1941. McGraw-Hill Book Company, 
Inc., 330 West 42nd Street, New York, N. Y. Price $1.50. 


CURRICULUM BULLETIN, No. 4, Revised, University of Oregon: Free 
and Inexpensive Materials prepared by Elizabeth Findly, Senior Assistant, 
Reference Department, University of Oregon Library. Paper 20 pages. 
21.528 cm. Sept. 1, 1940. University of Oregon Co-operative Store, Eu- 
gene, Oregon. Price 25 cents. 


CurricuLuM BuLLetin, No. 17, University of Oregon: An Index to 
Visual and Auditory Aids and Materials prepared by Elizabeth Findly, 
Senior Assistant, Reference Department, University of Oregon Library. 
Paper. 36 pages. 21.528 cm. May 1, 1940. University of Oregon Co- 
operative Store, Eugene, Oregon. Price 35 cents. 


CuRRICULUM BULLETIN, No. 24, University of Oregon: Price Lists of 
Inexpensive Teaching Materials, compiled by Hugh B. Wood, Professor 
of Education, University of Oregon. Paper. 21.528 cm. June 19, 1940. 
University of Oregon Co-operative Store, Eugene, Oregon. Price 15 cents. 


BAUSCH AND LoMB BALOPTICONS AND ACCESSORIES. Catalog E-11. Paper. 
_24 pages. 21.5 X28 cm. Bausch and Lomb Optical Company, Rochester, 


aX. 


PROCEEDINGS OF THE THIRTY-FouRTH ANNUAL CONVENTION OF THE 
ASSOCIATION OF LIFE INSURANCE PRESIDENTS. Paper. 261 pages. 13.5 X22 
cm. 1940. 165 Broadway, New York, N. Y. 








BOOK REVIEWS 


TEACHING MATHEMATICS IN THE SECONDARY SCHOOLS, by G. H. G. H. 
Minnick, Ph.D., University of Pennsylvania. Cloth. Pages xiv +336. 
1939. Prentice-Hall, Inc., 70 Fifth Avenue, New York. Price $3.00. 


This book is the outgrowth of Dean Minnick’s long experience both as a 
teacher of mathematics and as a teacher of methods. The experience 
recorded in this volume should be of great value to all teachers, especially 
those who are seeking to improve their classroom procedure. 

In the preface the author states that institutions engaged in the prepara- 
tion of teachers should be concerned with the presentation and illustration 
of fundamental principles rather than with the teaching of specific methods 
to meet each educational problem. Thus in Chapter II of the book is found 
a discussion of some of the principles of teaching. Surely, this should be of 
great value to the teacher of mathematics. In Chapter I a brief historical 
sketch is given, beginning with the program of the nineteenth century and 
extending to the present time. This information is exceedingly helpful in 
aiding the teacher to understand the present mathematics situation. 

Chapters III, IV and VI are devoted to the aims of mathematical edu- 
cation, applications of mathematics, the course of study, and organization 
of materials in junior high school mathematics. The Chapter on applica- 
tions is rich in materials that are so essential in the motivation of pupils. 
Busy teachers will find this chapter of great value in looking for illustra- 
tions of the relationship of mathematics and human life. 

Methods of teaching are discussed in detail in Chapters VII to XIV in- 
clusive. Here will be found a wealth of material on the teaching of algebra 
and plane and solid geometry. Such topics as the content of the course in 
geometry, values of intuition and experimentation, introduction to the 
study of demonstrative geometry, teaching the pupil how to think in 
geometry, the use of definitions and axioms, and the teaching of the theory 
of limits are discussed clearly and extensively. 

The last four chapters of the book deal with organization and generaliza- 
tions, a complete discussion of the use, selection, and arrangement of the 
text-book, mathematical tests, and mathematics clubs. 

The book is well written and contains a great number of excellent illus- 
trations. It should find favor with teachers of mathematics and is worthy 
of a place in the teacher’s professional library. 

CHARLES A. STONE 
De Paul University 


COLLEGE ALGEBRA, REVISED EpiITIoNn, by N. J. Lennes, Professor of Math- 
ematics, University of Montana. Cloth. Pages xii+432. 14.521 cm. 
1940. Harper and Brothers, 49 E. 33rd St., New York, New York. Price 
$2.25. 

The author states in the preface that although the book appears as a 
revised edition, by far the greater part has been completely rewritten. The 
text contains a rather thorough review of elementary algebra preceding 
the material usually found in a college algebra. Throughout the book the 
auth or has made use of underlines to emphasize important words involved 
in definitions. Illustrations are made very prominent by inclosing them in 
printers rules forming a box. Elementary work in the mathematical theory 
of investments is developed in connection with the chapter on progres- 
sions. The author states that the central element in investment theory is 
the geometric progression. The next to the last chapter is a set of forty- 
six cumulative reviews, each review consisting of six problems. The last 
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chapter is entitled ‘‘Historical Sketch.”” One might wonder why more in- 
formation was not given about recent discoveries as to the development of 
Babylonian mathematics. In addition to the four place logarithm table and 
tables of powers and roots one finds tables of the amount and present value 
of one dollar at compound interest and the amount and present value of 
an annuity of one dollar. 

Cecit B. ReaD 

University of Wichita 


MopeRN TREND GEOMETRY, by William W. Strader and Lawrence D. 
Rhoads, William L. Dickinson High School, Jersey City, New Jersey. 
Cloth, Pages xi+444. 12.5 18.5 cm. 1940. The John C. Winston Com- 
pany, Philadelphia, Pa. Price $1.48. 


As the authors point out, this text offers many changes from the conven- 
tional geometry course of the past, in keeping with the demands of our cur- 
rent philosophies of education. A particularly striking feature is the large 
number of splendid illustrations showing the applications of geometry in 
many fields. Another interesting feature is the special exercises called 
“Just Thinking a Bit.” Very likely many pupils would get great enjoyment 
from these problems which are quite varied in nature but should help the 
student to think logically. 

Exercises are frequently classified as to difficulty with extra credit proj- 
ects and optional problems. It would seem to be a very teachable book. 

In an effort to show many uses of geometry, the authors sometimes 
stretch a point as for example on page 193: One might question whether 
the student at this stage of his maturity can give the true reason why the 
breast of the Roosevelt Dam is an arc rather than a straight line. 

Crecit B. READ 
University of Wichita 


ELEMENTS OF CALCuLus, by Abraham Cohen, Professor Emeritus of Mathe- 
matics, The Johns Hopkins University. Cloth. Pages v +583. 13.520 
cm. 1940. D. C. Heath and Company, 285 Columbus Avenue, Boston, 
Mass. Price $3.50. 


This text covers, more fully than the average book, material which might 
be offered in a first course in calculus. The assumption is that the teacher 
will select the material he wishes to present rather than supplement an 
incomplete book. The differential calculus is presented separately from 
integral calculus. Partial derivatives appear in Chapter XIV. The author 
makes no attempt to present proofs beyond the capacity of the under- 
graduate, but at the same time he calls attention to the fact that such 
proofs are necessary for rigorous treatment. 

The illustrative examples frequently give rather detailed explanation 
and alternative methods. Because of this fact, there is not always a model 
of the form one would expect from a student. The diagrams seem well 
drawn and the explanation clear. 

There is a very large number of examples with applications to many 
fields. The examples seem well graded as to difficulty. Certain topics have 
been placed in an appendix, these topics include a rather detailed study of 
limits; a section on hyperbolic functions; twenty-two pages on solid analyt- 
ic geometry; formulas and theorems from elementary mathematics; and 
a table of 201 integrals. If a change in text is contemplated, this text should 
receive very serious consideration. 

CreciL B. READ 
University of Wichita 
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INFORMATION EXCHANGE ANNOUNCES CATALOG 


The Information Exchange on Education and National Defense, which 
has recently been organized in the U. S. Office of Education as a clearing 
house for ideas and materials on education and national defense, announces 
its first catalog. It lists 103 items which have been organized into 24 loan 
packets. Loan packets listed are made up of materials contributed by 
schools and colleges, organizations and other interested individuals and 
groups. 

Each loan packet contains a number of different materials related to a 
particular topic, as: 

The Role of the Schools in the National Emergency 

Understanding and Practicing Democracy 

Improving School and Community 

Conserving the Nation’s Natural Resources 

Building and Preserving Good Health 

Understanding the World About Us 

Vocational Education and National Defense 

Libraries and National Defense 

Some packets contain materials entirely within one field, such as ele- 
mentary or secondary. Others contain materials of more general interest 
and value in two or more fields (elementary, secondary, adult, and higher 
education). 

Materials may be borrowed for a period of two weeks from the time they 
are received. Franked envelopes or franked labels are provided for the re- 
turn of the materials without payment of postage. When materials are 
returned, others may be requested. 

A copy of the catalog listing these materials may be secured by writing 
to Information Exchange on Education and National Defense, U. S. Office 
of Education, Federal Security Agency, Washington, D. C. 
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of science in three distinctive new books. 


Book I, EXPLORING OUR WORLD, $1.28; Book II, OUR 
WORLD CHANGES, $1.52; Book III, USING OUR WORLD, 
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RIDER BOOKS 


Because you want your pupils to be well equipped 
for whatever role they may be called upon to perform 
—not only in the present emergency—but also in the 


commercial world—we 


suggest your investigating 


Rider Radio Books, which have been bought and used 
principally by professional radio servicemen. In prac- 
tically all cases these books are the authority on the 
subjects covered—have been accepted by schools, 
colleges, government institutions and libraries for use 
in training men for radio maintenance work—Military, 


Civilian and Industrial. 
seavicls I ine SIGNAL 


Explains this fundamental 
system of radio servicing, 
which has been embraced by 
thousands of professional 
repairmen. U. 8S. Coast 
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Government institutions to 
adopt it. 6th printing 360 
pp.—$2.00, 


FREQUENCY 
MODULATION 


Gives principles underlying 
this new type radio trans- 
mission. Goes into adjust- 
ment and repair of FM 
receivers, Selling 1,000 
copies a month. 136 pp.— 
$1.00. 


METER AT WORK 


Elementary. Theoretical and 
practical. Covers all kinds 
of electric meters. 5,000 
copies sold past 3 months. 
152 pp.—$1.25. 


OSCILLATOR AT WORK 


Shows how to get maximum 
utility, test and repair all 
kinds of oscillators—one of 
most important pieces of 
radio servicing equipment. 
First printing of 5,000 lasted 
but few months. 256 pp.— 
$1.50, 


VACUUM-TUBE VOLT. 
METERS 


Favorite tools of radio en- 
gineers and servicemen, v-t 
voltmeters are explained 
theoretically and practical- 
ly in this newly published 
book. Advance orders re- 
quired second printing. 180 
pp—$1.50. 


CATHODE RAY TUBE 


This book is the accepted 
authority on the cathode- 
ray tube—how it is em- 
ployed in the oscillograph— 
and its application to radio 
servicing. Now in 7th print- 
ing. 338 pages—$2.50. 


SERVICING SUPER- 
HETERODYNES 


Comprehensive, easily un- 
derstood explanation of this 
complex radio circuit. En- 
dorsed by radio instructors 
in leading schools and col- 
leges. Popular with begin- 
ners. 288 pp.—$1.00. 


AUTOMATIC FREQUENCY 
CONTROL SYSTEMS 


On new push-button radios. 
Explains simple and compli- 
cated a-f-c and automatic 
tuning systems. 144 pp.-— 
$1.00. 
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Fundamental books every 
radio beginner should read 
to provide solid foundation 
for advanced study. 
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Alignment 


on Automatic Volume 
Control 


on D-C Voltage 
Distribution 


Hard cover bindings—60¢ 
each, 
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What makes you think so? 
How do you know you’re right? 


WHAT MAKES LIVES 


224 pages, silk cloth, $1.50 


EXPLAINS—how the world has been brought 
to its present sorry state—at least it’s an 
attempt. 


EXAMINES—how personalities are shaped 
or misshaped by our changing environ- 
ment, by persons of the past and present, 
seen and unseen, by misleading propa- 
ganda and teaching—resulting in mal- 
adjustment, hate, waste, and war, 


INTERPRETS—domestic and foreign affairs— 
much previously unpublished, not general- 
ly known—in terms of human motives of 
the chief actors, perhaps violating some 
proprieties and tabus. 


Divinities that shape our rough-hewn 
ends may be malevolent 


TABLE OF CONTENTS AND CIRCULAR OF 
COMMENTS FROM SOME OF THE WORLD'S 
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A Bargain for Biology Classes 
We offer 
Some Lessons About Bees 


by T. P. WEBSTER 


A 32-page booklet; illustrated. Written in a 
clear and instructive style; well organized 
for a practical biology unit. Lessons: (1) 
Division of Labor; (2) The Bee as an Expert 
in Transportation; (3) Storing the Raw 
Product; (4) The Bee Refining Raw 
Products; (5) The Bee as a Craftsman; (6) 


The Bee as a Mathematician. 


Single copies—25¢; 5 to 15 copies—15¢ each; 


16 or more—10¢ each 
Order now 


School Science and Mathematics 
3319 N. 14th St. Milwaukee, Wis. 
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